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PREFACE 


This document is submitted in accordance with the Data Procure- 
ment Document Number 282, Data Requirement Number MA-04 under the 
George C. Marshall Space Flight Center Contract NAS8-28144. This is 
Book 2, an Appendix to Volume III of the Astronomy Sortie Missions 
(ASM) Definition Study Final Report. It contains the detailed 
tables, charts and studies which support the mission and system 
analyses, subsystem analyses and the preliminary design tasks of 
Volume III, Book 1. 

Comments or requests for additional information should be 
directed to: 

Dale J. Wasserman/PD-MP-A 

Astronomy Sortie Missions Definition Study 
Contracting Officer's Representative 
George C. Marshall Space Flight Center 
Marshall Space Flight Center, Alabama 35812 

William P. Pratt/8102 

Astronomy Sortie Missions Definition Study 
Martin Marietta Denver Division Study Manager 
Denver, Colorado 80201 
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FOREWORD 


The primary purpose of the Astronomy Sortie Mission Definition 
Study was to provide NASA with an overview of the Astronomy Sortie Mis- 
sion requirements. The specific objectives of the study were to: 

1. Evaluate the responsiveness of the sortie mission concept to 
stated scientific objectives. 

2. Develop conceptual designs and interfaces for sortie missions 
including telescopes, mounts, controls, displays and support 
equipment . 

3. Develop a system concept encompassing the Sortie Mission from 
mission planning through post-flight engineering and scien- 
tific documentation. 

4. Provide development schedules and supporting research and technology 
requirements for Shuttle Sortie hardware. 

The approach that was utilized in performing the study consisted of 
the following sequence: 

1. Analyzing and conceptual designing the alternative candidate 
astronomy sortie mission program that maximized the utiliza- 
tion of common features. 

2. Analyzing the astronomy sortie mission program to ensure compati- 
bility between interfacing systems, evaluating overall perform- 
ance and ensuring mission responsiveness, and developing a complete 
mission profile. 

3. Analyzing the support subsystems to a depth which was sufficient 
to establish feasibility, compatibility with other subsystems, 
adequate performance, physical characteristics, interface defi- 
nition, reliability level, and compatibility with manned opera- 
tions. 

4. Conceptually designing the selected astronomy sortie mission 
program which included defining the significant design features, 
dimensions and interfaces on layout drawings, and defining the 
telescope system physical characteristics and support requirements. 

5. Providing development schedules and supporting research and 
technology requirements. 
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The final report of the study is contained in four volumes, of which 
this volume is Book 2 of Volume III. The four volumes of the report are: 

Volume I - Astronomy Sortie Missions Definition Study Final Report: 

Executive Summary 

This volume summarizes the significant achievements and 
activities of the study effort. 

Volume II - Astronomy Sortie Missions Definition Study Final Report: 

- Book 1 - Astronomy Sortie Program Technical Report 

Book 1 of this volume includes the definition of telescope 
requirements , preliminary mission and systems definition, 
identification of alternative sortie programs, definition of 
alternative sortie programs, the evaluation of the alternative 
sortie programs and the selection of the recommended astronomy 
sortie mission program. This volume identifies the various 
concepts approached and documents the rationale for the concept 
and approaches selected for further consideration. 

Volume II - Astronomy Sortie Missions Definition Study Final Report: 

- Book 2 - Appendix 

Book ? of this volume contains the Baseline Experiment Definition 
Documents (BEDD's) that were prepared for each of the experir. ent s 
considered during the study. 

Volume III - Ascronomy Sortie Missions Definition Study Final Report: 

- Book 1 - Design Analyses and Trade Studies 

Book 1 of this volume includes the results of the design analyses 
2 nd trade studies conducted on candidate concents during the 
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selection of rac,ommended conf iguratiens as well a c the design 
analyses and trade studies conducted on tnc selected jconcept. 
Volume III - Astronomy Sortie Missions Definition Study Final Report 
- Book 2 - Appendix 

Book 2 cf this volume contains the backup or supporting data 
for the design analyses and trade studies that are summarized 
in Volume III, Book ] 

Volume IV - Astronomy Sortie Missions Definition Study Final Report: 
Program Development Requirements 

This volume contains the planning data for subsequent phases 
and includes the gross project planning requirements; schedu'c 
milestones and networks; and supporting research and technology 
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Appendix A1 


STUDY OF CANDIDATE SHUTTLE ORBITER 
STABILIZATION SYSTEM 
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The shuttle orblter model used in this study is the Grumman 
version shown in figure Al-1. The inertias and mass properties 
associated with this configuration are: 

a. Inertias: 

I =1.41xl0 6 kg-m 2 (1.04xl0 6 slug-ft 2 ) 
xx 

I =8.22xl0 6 kg-m 2 (6.05xl0 6 slug-ft 2 ) 

yy 

I__«8.55xl0^kg-m 2 (6.30xl0^ slug-ft ) 


I =1 =1 =0 

xy xz yz 

b. Orb iter mass: 

M-91xl0 3 kg (6.2xl0 2 slugs) 

The shuttle orbiter is assumed to be stabilized in a 500 km (270 NM) 
circular orbit. 

This appendix comprises five major completely independent 
sections and a list of references. 
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e-iv 


WING POD (13) 



Figure Al-1. Grumman Shuttle Orbiter Configuration 



Al.l. determination of shuttle orbiter baseline attitude 

CONTROL PROPULSION SYSTEM (ACPS) ON-ORBIT FUEL CONSUMPTION 

The shuttle orbiter baseline ACPS consists of 32 engines (13 
mounted in each of the two wing pods and six in the one tail pod) . 
Figure Al-1 is a sketch of the orbiter showing the location of these 
three pods- Table Al-1 lists the functions of the various thrusters 
located in each pod. The wing pods control yaw and roll, while the 
wing pods in conjunction with the tail pod control pitch. To pro- 
duce a pure uncoupled yaw or roll torque only two thrusters, one 
from each wing pod, are required. 

The following shuttle orbiter baseline ACPS control parameters 
used in this study are: 

a. Vehicle control moment arms (distance between appropriate 

engines) : 

1) pitch (Y v axis) : £^=llm (36 ft) 

2) yaw (Z axis) : £ =22m (72 ft) 

3) roll (X axis): £ =22m (72 ft) 

b. Attitude deadband: +0 q , 6^8.75 mrad(0.5 degree) 

c. Propellant: monopropellant 

d. I *■230 sec 

sp 

e. Engine thrust level: F=1.8 kN (400 lbf) 

f. Minimum firing time, t^=100 msec 

To compute the fuel consumed by the ACPS, the number of thruster 

actuations per orbit must be determined. The shuttle orbiter torque 

environment is assumed to comprise only gravity gradient torques. The 

ACPS stabilizes the shuttle orbiter by counteracting these disturbance 

torques. The resultant counteracting control torques are generated 

by the ACPS by expelling gas at a rate proportional to the rectified 

gravity gradient torques acting on the orbiter. The maximum average 

rectified gravity gradient torques that can exist about the orbiter 

X , Y , and Z axes are: 
v v v 
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Table Al-1. On-Orbit ACPS Thruster Functions 


Location 

Firing Direction 
(number of engines) 

Function 

Wing Pod 

Side (3) 
Forward (3) 

+Y Translation 
-X Translation, 
Pitch and Yaw 
Attitude Control 


Aft (3) 

+X Translation, 
Pitch and Yaw 
Attitude Control 


Down (2) 

+Z Translation, 

Roll Attitude Control 


Up (2) 

-Z Translation, 

Roll Attitude Control 

Tail Pod 

Forward (3) 
Aft (3) 

Pitch Attitude Control 
Pitch Attitude Control 
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( 1 ) 


where 


T 8 Jra-K 2(I 2 «-V 


T | =Ao 2 (I -I ) 
gz'ra it o yy xx y 


03 

O 


2 „gR 

•j 

r" 


( 2 ) 

(3) 

(4) 


W o t ^ ie s ^ lu *- t ^ e orbital rate, g is the gravitational acceleration 

of the earth, R is the mean radius of the earth, R=6.44 Mm (R=4 000 
statute miles) , and r is the distance between the center of the 
earth and orbiter center of mass. 

For a 500 km (270 NM) circular orbit. 


2 .,, (32.2 M «000> 2 3 (5280)V 22x10 -6 -i 

[4000f270(1.15)I (5280) 3 se 

0 ) =1.10xl0~ 3 — 
o sec 

T gJra- T gylra> “ d T g S l r . equals 

T I ®0.384 N-m. (0.291 ft-lb) 
gx'ra 

T gy I ra ” 8 * 31 N_m (6 ‘ 12 ft ~ lb ) 

T | =7.94 N-m (5.84 ft-lb) 

gz'ra 1 


(5) 

( 6 ) 

(7) 

( 8 ) 


The minimum angular momentum impulse bit (MIB) that can be 
imparted to the orbiter due to firing the ACPS is the same for 
each control axis. MIB equals 
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MIB-Fi. t.-Fft t--(2F)A. t 
x f z f y f 


=3 960 N-m-sec (2 880 ft-lb-sec) (9) 

Although the moment arm for pitch Z is half of those for yaw Z^ 

and roll Z , the number of engine firings for pitch is double those 
x 

required for either yaw or roll, thus making an MIB for pitch equal 
to those for yaw and roll. 

The vehicle body rates about the X^, Y^, and due to one MIB 
equals 





(i=x, y, z) 


( 10 ) 


where 

0 )^ is the angular rate about the i fc ** axis, radians per second, 
(deg/sec) 

tli 2 

I is the orbiter inertia about the i axis, kg-m , 

(slug-ft^) 

oj , oj , w equal 
x* y z n 

0 ) -2.81 mrad/sec (0.161 deg/sec) (11) 

x 

ay a 0.482 mrad/sec (27.6x10 ^ deg/sec) (12) 

oj =0.463 mrad/sec (26.6x10 ^ deg/sec) (13) 

z 

Assume that the vehicle is in a torque-free environment. 

In this environment, the orbiter will limit cycle between the limits 

of the attitude deadband +0 . Figure Al-2 is a sketch of the ACPS 

— o 

deadband. The lower limit -0 , is designated state a, and the upper 

o ^ 

limit, +0 Q , is designated state b. Assume the i vehicle axis is 

at state a. At this point, the ACPS thrusters will fire one MIB 

sending the i*"* 1 axis towards state b. As the i*"* 1 axis traverses 
the deadband from a to b, the axis angular velocity 0 )^ equals 
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STATE a STATE b 



Figure Al-2. Sketch of ACPS Attitude Deadband 
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( 14 ) 


oj =to.-ko , (0) 
ab i ab 


The position of the axis 8^ equals 

6 ab- [ “i- K “ab <Wlt - e o (15) 

When the axis reaches state b, the thrusters fire once more 
sending the vehicle back towards a. The angular velocity 

and position as the axis travels back towards a equal 

V""V“ba (0) (16) 


0 ba" I “ a, i +w ba (O)]t+0 o 


(17) 


From equation 15, the time t fib for the axis to traverse the dead- 
band from state a to state b equals 


0 ,=0 ■[u).4v) , (0)]t , -0 
ab o L i ab J ab o 

20 


'ab Ui J +ui , (0) 
i ab 


(18) 


From equation 17, the time to return to state a equals 


e b a - 0 o-l-“i- K % a (O)lt ba +e < 

20 


ba V W ba (0) 


(19) 


Under steady state conditions 


t 53 t 
ab ba 


( 20 ) 
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( 21 ) 


Therefore, using equations 18, 19, and 20, 

“ab (0 >-“ba (0) 
til 

Since the angular velocity of the i axis cannot change instan- 
taneously at either boundary of the deadband , the following expres- 
sions can be written using equations 14 and 16. 


“ba <0) "V“ab (0> 

(22) 

“ab (0) ~V“ba (0) 

(23) 

Using equations 21, 22, and 23, the following expressions for 
to k (0) and 01 ^( 0 ) can be written 

W i 

a) ab^° )== 2 

(24) 

W i 

“ba< 0) 4 

(25) 

Substituting the above expressions into either 
results in the time, t , required to traverse 

equation 18 or 19 
the attitude dead- 

band , 20 q 


4B 

t =t =t = — — 
Ti ab ba 

(i«x,y,z) (26) 

For the orbiter ACPS, 8 q equals 8.75 mrad (0.5 degree). Substituting 
the values of w given in equations 11 through 13 into 26 yields the 


times that it takes to traverse the X^, Y , and Z^ axis deadbands, 
respectively. 

t =12.4 seconds (27) 

1 

t^y=72.7 seconds (28) 


t T z = 75.6 seconds 


(29) 
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The assumption that the orbiter is in a torque-free environment is 
valid if the actual gravity gradient torques acting on the orbiter 
are unable to prevent the ACPS from limit cycling with every ACPS 
actuation. The gravity gradient decelerating angular momentum im- 
pulse, H , for the above deadband transit times, t Ti> equal 


V'Vlr^Ti 


(i=x,y,z) 


(30) 


Using equations 6, 7, 8, 27, 28, and 29, for the X^, Y^, and 


Z axes equal 
v 


H =4.76 N-m-sec (3.61 ft-lb-sec) 

gx 


(31) 


H =604 N-m-sec (445 ft-lb-sec) 

gy 


(32) 


H =600 N-m-sec (441 ft-lb-sec) 

gz 


(33) 


Note that the maximum value of H ^ is less than one-sixth the value 

of one MIB indicating that the gravity gradient torque environment 
cannot prevent the ACPS from limit cycling. The assumption that 
the shuttle orbiter is in a torque-free environment is valid. The 
consequences of this valid assumption ia that the fuel consumption 
rate is independent of the stabilized orbiter attitude and only 
depends on the average time, t Ti> it takes to traverse the ACPS dead- 
bands. 


The number of engine firings per orbit equals 

NEF/ orbit=2T (r~ + -p- + r^-) 
Tx Ty Tz 


C34) 


where T q is the period in seconds of one orbit. 


2t r 

u 


2tt 

1.10x10 


5 700 seconds 
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Substituting equations 10 and 26 into equation 34, 

(MIB)T i , 

NEF/orbit + ~~ + — ) (36) 

o xx yy zz 

The weight of fuel per orbit (kgf/orbit) equals 

Ft f 

WOF/orbit = 0.102 (NEF/orbit) y=- (37) 

sp 

Substituting equation 36 into 37, 

0.102 (MIB)T Ft 1 _ 

WOF/orbit - 26 I ° + T~ + T~^ (38) 

o sp xx yy zz 

For the baseline orbiter ACPS, 

W0F/orbit=110 kgf/orbit (242 lb/orbit) (39) 

The weight of fuel per day equals 

WOF/day = ft . QP . ) . WOF/orbit = 1 670 kgf/day 

^ o 

(3 660 lb/day) (40) 


This ACPS fuel consumption is too large. As an alternative, 

assume that only one thruster instead of multiple thruster pairs 

are fired when an attitude deadband limit +6 is reached. This 

— o 

modified ACPS system reduces the fuel consumption by decreasing 
the magnitude of one MIB by a factor of two, thus increasing the 
time it takes to traverse the attitude deadband. But since only 
one thruster is fired instead of oppositely directed thruster pairs 
a translational force F is produced. The change in the orbiter' s 
velocity AV due to this translational force equals 

3 

Av= = ■^^-(0.1)=1.98xl0" 3 m/sec (6. 5xl0“ 3 f t/sec) (41) 
m 91x1 0 J 
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Since this modified ACPS will still limit cycle back and forth 
through the attitude deadbands thus, producing a force F with 
alternately opposite directions, the net result of these small AV's 
on the orbiter* s orbit should be negligible. 

Assume that the forward and aft firing tail pod thrusters are 

used to control pitch, the forward and aft firing wing pod thrusters 

are used to control yaw, and the up and down (+Z axis) firing wing 

pod thrusters are used to control the roll axis. Note that from 

figure Al-1, the wing pods are located 11 meters (36 feet) aft of 

the orbiter center of mass ( SL n „ =11 ). Also note that it is im- 

C .M. m 

possible to produce a roll control torque without producing a large 
pitch component due to the location of the roll thrusters with re- 
spect to the orbiter 's center of mass. The resulting MIB's about 
the three control axes due to firing these three types of thrusters 
are: 


a. Pitch control thrusters (forward and aft firing tail 
pod engines) : 

1) (MIB) x =(MIB) z =0 

2) (MIB) y =F£ y t f =l 980 N-m-sec (1 440 ft-lb-sec) 

b. Yaw control thrusters (forward and aft firing wing pod 
engines) : 

1) (mib) x »(mib) y =o 

2) (MIB) =0.5 F£ t =1 980 N-m-sec (1 440 ft-lb-sec) 

Z z r 

c. Roll control thrusters (up and down firing wing pod thrusters): 


1) 

(mib) z =o 




2) 

(MIB) Y =F£ C.M. t f= 1 

980 N-m-sec 

(1 400 

ft-lb-sec) 

3) 

(MIB) X =0.5 F£ x t f =l 

980 N-m-sec 

(1 440 

ft-lb-sec) 


Depending on how this system's firing logic is instrumented and the 
initial conditions of the pitch axis when the first roll axis thruster 
firing occurs, the additional pitch MIB caused by the roll axis thrusters 
can either cause fewer or additional pitch axis thruster firings, thus 
increasing or decreasing fuel consumption. To estimate the fuel con- 
sumption for this modified ACPS system, assume that the pitch coupling 
moment due to a roll thruster firing is zero. The resultant weight 
of fuel consumed per orbit equals 
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0.102 (MIB)T Ft . 

WOF/orbit- 2__L(_l_ + ^~ + ~~~) (42) 

o^sp xx yy zz 


For this modified orbiter ACPS system, 

WOF/orbit=24.4 kgf/orbit (53.8 lb/orbit) (43) 
The weight of fuel per day equals 


W0F/day g ^ ^ AQQ) . W0F/orbit=370 kgf/day 
o 

(815 lb /day) (44) 


The use of either the baseline or modified ACPS system would 
also make the problem of meeting the final stabilization require- 
ments of the ASM experiments more difficult as shown in appendix 
B3.4. Due to the firing of these large ACPS thrusters, any slight 
offset of the experiment center of mass from the center of rotation 
of its fine stabilization system will result in a large disturbance 
torque being coupled through the isolation system to the experiments. 
For a detailed discussion of this problem the reader is referred to 
Appendix B3.4. 

The conclusions of this analysis are: 

a. For both the baseline and modified ACPS systems, the fuel 
consumption is independent of the stabilized orbiter orientation. 
The fuel consumption for the baseline ACPS is 1 670 kgf/day 

(3 660 lb/day) and for the modified ACPS, it is 370 kgf/day 
(815 lb/day). 

b. For the baseline ASM mission duration of 7 days, these 
large fuel consumption rates would result in a heavy orbiter 
stabilization system. 

c. The combustion by-products due to these large fuel con- 
sumptions are a source of experiment contamination which could 
degrade the experiments or cause them to be shut down. 

d. Using either the baseline or modified ACPS system makes 
the problems of meeting the final stabilization requirements 
of the ASM experiments more difficult. (See appendix B3.4. 
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A1.2. SIZING OF X-POP SHUTTLE ORBITER CMG STABILIZATION 
SYSTEM 

This CMG system was sized based on the gravity gradient momentum 
that must be stored per orbit. The following assumptions were used 
to size the CMG system. 

a. The desired shuttle orbiter attitude is the X-POP attitude 
shown in figure Al-3. 

b. The shuttle orbiter is inertially held in its desired 
orientation during the primary experimentation period 0 

E 

denoted in the figure. The length of this period, t, is 
3 550 seconds. 


c. The CMG's are desaturated during the secondary experimenta- 
tion period also denoted in the figure. 

d. The CMG system is assumed to hive a shuttle orbiter maneuver 

-4 

capability of 2.91x10 radians per second (1 degree per 

minute) . 


For a shuttle orbiter stabilized in the X-POP attitude shown in 
figure Al-3, the gravity gradient torques acting on the orbiter are 


■ -3U 2 

a a 

(I -I ) 

(1) 

gx o 

y z 

zz yy 

gy- 3 “o 2 

a a 
x z 

(I -I ) 

XX zz 

(2) 

' =3a) 2 

a a 

(I -I ) 

(3) 

gz o 

x y 

yy xx 


where 

shown 

cular 

Al-3, 


a x , a y , and a^ are the components of the local vertical vector 
in the figure and w is the orbital rate. For a 270 NM cir- 

° _3 

orbit, equals 1.10x10 radians per second. From figure 
the vector a equals 


- -i 



a 


0 

X 



a 



y 


COSO) t 



o 

a 


sinw t 

z 


o 

- 


_ 


( 4 ) 
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Assume the orbiter is misaligned from the true X-POP attitude by 
two small rotational angles £ and about the Y and Z axes, 

respectively. The resultant local vertical vector a’ equals 



a 


1 

c 

-e 


a 


X 



z 

y 


X 









a' = 

a ' 

SI 

-e 

1 

0 


a 


y 


z 




y 


a ' 


e 

0 

l 


a 


_ z _ 


L y 


_ 


z 


/v 



£ cosw t -£ sinu) t 
z o y o 

COSCi) t 


sinu) t 
o 


(5) 


Assume that e and e are equal (e =£ ■=£) . The resultant gravity 
y z y z 

gradient torques are 


3ui 


T '■ 
gx 


3w 

T '= — 

gy 2. 


3a) 


T '« 
gz 


(1 -I 
zz yy 

(I -I 

ZZ XX 

(I -I 
yy xx 


)sin2w t 
o 

)e[l-cos2u) t-sin2w t 
o o 

)e[l+cos2w t-sin2u) t 
1 o o 


] 

1 


( 6 ) 

(7) 

( 8 ) 


Integrating the above torque equations results in the gravity 
gradient momentum that the CMG's must store. 


H =/ T ’dt=- 
gx gx 


3u) 
o 

4 


(I -I )cos2(d t 
zz yy o 


(9) 


3w 

= — 7 — (I -I )e[2u) t 
4 v zz xx o 

-sin2o) t+cos2u) t] 
o o 


H' »/ T ’dt 

gy ; gy 


( 10 ) 


H -/t 'dt= 
gz gz 


3o) 


(I -I )e[2w t 
yy xx o 


+8in2w t+co82w t] 
o o 


(ID 
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The gravity gradient momentum that is stored in the CMG's has two 

components; they are (1) the accumulated momentum H due to the 

a 

constant axial gravity gradient torque biases and (2) the cyclic 
momentum H due to the cyclic gravity gradient torques. The axial 
components of and are 


X axis : H =0 

ax 


cx 


3w 

— { T _T \ — O. . t- 

4 zz yy 0 


3io 


Y axis: H = — — 

ay 2 

3io 


(I -I )et 

ZZ XX 


H = 

cy 


Z axis : H - 

az 


cz 


T (I zz~ I xx )e[co82 “ 0 t_8ln2w « t J 


3o) 


3w 


(I -I )et 
2 yy xx - 


4 ^yy I xx ) £ [sin2w n t+cos2w^t] 


(12) 

(13) 

(14) 

(15) 

(16) 
(17) 


Tha magnitude of the accumulated momentum H equals 

a 


i 


2 2 2 
+H +H 
ax ay az 


3to 


r €t J < W 2 + VV 2 < 18 > 


Assume that e equals 1.745x10 2 radian (1 degree). The momentum 
l H a l accumulated during the primary experimentation period (t = 

3 550 seconds) equals 


H =1 200 N-m-sec (882 ft-lb -sec! 


(19) 


The magnitude of the 


cyclic momentum H 

c 


equals 



( 20 ) 


Since the shuttle orbiter inertias I and I are approximately 

, ,-*• | yy zz 3 

equal, } | can be approximated by 
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3w no 9 9 2 2 

I™ - | 0 2. frCT -i +r Z (I -T ) +e (I -I ) ]cos 2to t 

l H c l 4 zz yy ) K zz xx' V yy xx' o 


2 r r-T t \2 , /T T \2-|„.,„2 0ll ,.^1/2 (21) 


I^zz-W +( 1 yy- I xx> ]sin 2 V } 


The peak cyclic momentum |H c | corresponds to t equal to zero. 


I if I = ^ [ (I -I ) 2 +£ 2 (I -I ) 2 +£ 2 (I -I ) 2 ] 1/2 (22) 

1 c'p 4 u zz yy • zz xx" yy xx 


Ih I =314 N-m-sec (231 ft-lb-sec) 
1 c’p 


(23) 


The CMG system besides storing the gravity gradient momentum must also 
store the momentum due to aerodynamic torques, ^ aero * Assume 

equals 


H -0.05(|hJ + |hJ 
aero a 1 c 1 


(24) 


H =75.7 N-m-sec (55.6 ft-lb-sec) (25) 

aero 

To meet the shuttle orbiter maneuvering requirement of 2.91x10 
radians per second (1 degree per minute) , the CMG system must impart 
the following angular momentum to the orbiter in order to maneuver 
it about its axis of maximum inertia (i.e. , Z axis) at the above 
rate: 


^MAN = ^ k^MAN 32 N-m-sec (1 830 ft-lb-sec) (26) 


After the shuttle orbiter is placed in its X-POP attitude by 
the baseline orbiter ACPS system, the CMG system takes over control 
by absorbing the remaining residual momentum left by the baseline 
system. Assume that the shuttle orbiter is in a torque-free environ- 
ment. For the shuttle orbiter baseline ACPS, this assumption was 
shown to be valid in section Al— 1. Each vehicle axis will limit 
cycle between the limits of the ACPS attitude deadband +0 O . Figure 

Al-2 is a sketch of this ACPS attitude deadband. The lower limit, 

-6 is designated state a, and the upper limit is designated state 
° th 

b. Assume that the i vehicle axis is at state a. The appropriate 

ACPS thrusters will fire sending the i th axis towards state b, the 
axial angular velocity G) ab equals 
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til 

where is the change in angular rate about the i axis due t< 

a single ACPS firing. The position of the axis 0 ^ equals 





(28 


When the axis reaches state b, the thrusters fire once more sen 
the i C ^ axis back towards state a. The angular velocity, 9^ a > 
the axis travels back towards a equals 


“ba = -“i + “ba (0) 


( 2 ‘ 


0 bi" N i\ (O)lt+9 o 


(31 


From equation 28, the time t ^ for the axis to traverse the de 
from state a to state b equals 


6 =6=[u) +w (0)]t -0 

ab i ab ab o 


20 


t ,» 


~ab (0) 

From equation 30, the time t^ to return to state a equals 

0 =-0 =[-60 +01 (0) ]t, +8 

ba o i Haa ba o 

20 

n 

t, - 


ba u 1 -<o ba (0) 
Under steady state conditions 


C ab fc ba 


Therefore, using equations 31, 32, and 33, 



til 

Since the angular velocity of the i axis cannot change instan- 
taneously at either boundary of the deadband, the following 
expressions can be written using equations 27 and 29. 


V (0)= Wi 4U ab (0) 

W ab (0) °“ <1, i +<11 ba (0) 


(35) 

(36) 


Using equations 34, 35, and 36, the following expressions for 
W ab (0) and 0)^(0) can be written 


“i 

“abW- T 

W i 

W ba (0) “ 2~ 


(37) 

(38) 


The residual momentum that the CMG's must absorb equals 


H tran= f ± 

From section Al.l., 0)^ equals 


^iV (0) ^ >5 FiiV 


(39) 


to “2. 81 mrad/sec (0.161 deg/sec) 
w^=0.482 mrad/sec (27.6x10 deg./sec) 

_3 

o) z =0.463 mrad/sec (26.6x10 deg/sec) 
Substituting the above values of into equation 39, H fcran equals 


H tran =3 390 N_m “ sec ( 2 500 ft-lb-sec) 

The CMG system for stabilizing the shuttle orbiter in a X-P0P 
attitude is sized in table Al-2. The total CMG angular momentum 
storage requirement is 9 060 N-m-sec (6 668 ft-lb-sec) . This momentum 
storage requirement can be met by three Skylab ATM CMG's. The total 
CMG momentum capability of three ATM CMG's is 9 350 N-m-sec. (6 900 
ft-lb-sec) which exceeds the required momentum storage capability by 
290 N-m-sec (232 ft-lb-sec). 
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Table Al-2. Sizing of a CMG System for a X-POP 
Stabilized Shuttle Orbiter 
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Al.2.1. CMG Momentum Desaturation System - When CMGs are used to 
control and stabilize the attitude of a spacecraft, an additional 
torquing system is required to prevent the CMGs from becoming 
saturated. This additional torquing system is referred to as a 
momentum desaturation system. For the CMG stabilized shuttle 
orbiter, there exists three feasible methods of performing 
desaturation; they are reaction control, magnetic, and gravity 
gradient desaturation. 

An RCS desaturation system generates the required desatura- 
tion torques by employing mass expulsion thrusters. This system 
has a high torque capability and therefore, can readily desaturate 
the CMGs. The resulting large desaturation torques preclude the 
use of this system during experimentation because it would sig- 
nificantly disturb the experiments’ attitude control system and 
prevent it from meeting its desired pointing and stabilization 
performance. The system’s principal disadvantage is that the mass 
expelled by an RCS is a probable source of experiment contamination 
that could degrade or cause the experiment to be shut down. This 
RCS contamination problem is the driving force behind the rationale 
for selecting a CMG system instead of an RCS to stabilize and 
control the attitude of the shuttle orbiter. For this reason, an 
RCS desaturation system is eliminated as a candidate. 

A magnetic desaturation system generates a magnetic dipole 
moment M onboard the vehicle which interacts with the earth’s mag- 
netic B field to produce the required desaturation torques. The 

magnetic moment M is generated by energizing electromagnets or 
flat magnetic air coils. A three-axis magnetometer is needed to 

measure the earth's B field in order to compute the required M. 

This system's major problem is that the large magnetic field 
produced by a system large enough to desaturate the shuttle 
orbiter CMGs is a severe source of ASM experiment magnetic con- 
tamination. Like the RCS desaturation system, the magnetic 
desaturation system is eliminated as a candidate because of 
experiment contamination. 

A gravity gradient CMG desaturation system utilizes the 
natural gravitational forces between the spacecraft and the earth 
to generate the desaturation torques. In order to take advantage 
of these torques, the spacecraft must be maneuvered to a favorable 
gravity gradient orientation. This method of desaturating the 
CMGs requires no additional equipment or fuel and only depends 
on the ability of the CMGs to maneuver the vehicle. For an X-POP 
stabilized shuttle orbiter, the required gravity gradient de- 
saturation maneuvers are small and could be performed at the 
beginning and the end of the primary occultation period while 
the telescope is being slewed to the secondary and primary targets, 
respectively. A gravity gradient desaturation system unlike an 
RCS or a magnetic system is not a source of experiment contamina- 
tion. This is the main reason for selecting a gravity gradient 
desaturation system. 
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Ideally, if the shuttle orbiter is stabilized in a true X-POP 
attitude and the torque environment ie due only to the gravitational 
pull of the earth, the momentum stored in the CMGs would be cyclic 
and thus, no desaturation system would be needed. Such an idealiza- 
tion is not realistic. Assume that the orbiter is misaligned from 
a true X-POP attitude by two small rotational errors e about both 
the Y and Z axes. The resultant gravity gradient torque equations 
are « 

3w 



T - 

gx 

3u> 2 

0 

2 

(i tz-v sin2e 

(40) 

E2 

gy 

w 

2 

3w 2 

(I zz" 

I xx )E[l-cos20-8in29] 

(41) 

m 

gz 

D CM 

(I yy' 

-I ) e [l+co820-sin20] 

XX 

(42) 


where 9 equals w Q t. These gravity gradient torque equations cor- 
respond to the primary experimentation period @ E in figure Al-3. At 
the beginning of the occultation period 0^, assume that the fol- 
lowing desaturation maneuvers e^, e^-e, and E zd -e are performed 

about the X, Y, and Z axes, respectively. Assume these maneuvers 
are made instantaneously. The resultant local vertical vector 


a, equals 


/V 

a xd 


t 

£ zd 

E yd 

V 

a yd 

B 

_e zd 

1 

E xd 


_ a zd_ 


_ £ yd 

~ E xd 

1 


£ ,cos9-e ,sin9 
zd yd 

cosQ+e .8in0 
xd 

-e ,cos9+sin0 
xd 



0 

COS0 

sin0 


(43) 


Substitute a^ into the gravity gradient torque equations 1 through 
3 and assume that any products or squares of e^, e d , and e zd 

equal zero <e rf 2 -oj -zj 0). The resultant 

gravity gradient desaturation torque equations are 
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T ^«= — x~ (I -I )[sin20-2e ,cos29] 
gx 2 zz yy xd 

a 2 
3 co 

T ( d ) = £_ (i -i )[e ,(l-cos20)-e .sin29] (45) 

gy 2 zz xx yd z.a 

3 co 2 

T (d) = — (I -i ) [e ,(l+cos20)-e ,sin20] (46) 

gz 2 yy xx /L zd y a 

To desaturate the CMGs completely, the net accumulated angular 
momentum during one orbit must be zero. To compute representative 
desaturation maneuvers, assume that the shuttle orbiter is stabilized 
as shown in figure Al-3. Since the net accumulated momentum must be 
zero, the following equations must be satisfied. 


0.6 2 277 


1.37877 


(0 CO 

o _ .... r O 


H -/ ° T dt+/ ° T x (d) dt 

x -0.622 tt gX 0.62277 8 


(0 


CO 


o 

0.622t r 


1.378tt 


(d) 


i_ f T d0+ — L T vu/ d0=O 

(o 7-0. 622 tt gx co -'0.62277 gx 


(O 

o 

0.62277 


0 

1.37877 


„./ “• T *♦/ T W >dt 

y -0.62277 8y 0.62277 gy 


CO 


o 

0.62277 


(0 


1.37877 


= — f T d9+ — /. T ^^d0*=O 

co -'-0.62277 gy co ''0.622.77 gy 


(47) 


(48) 


0,62277 1.37877 

CO co 

H -/ 0 T dt+/ 0 

z -0.62277 8 0.62277 


T 

gz 




0.62277 

-0.62277 


o 



1.3 7 877 
0.62277 


T ^d9-0 
gz 


(49) 


Substitute the expressions for T ^ and T g^ ^ (i*x,y,z) into the 
above equations. 
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H = 
x 


3m 
o 

2 


(I -I ){/ 
v zz yy J 


0.622tt 

-0.622TT 


sin0d0 


1.378tt 

+/\ (sin20-2e ,cos20)d0}“O 

''0.622TT xd 


( 50 ) 


V TT a-co.29-.ln2e)d8 

1.378tt 

+{ n [ £ , (1-cos20)-e ,sin20]d0}=O (51) 

; 0.622tt yd zd 


3a) 


H = (I -I ){e/°' 6 ^!I (l+cos20-sin20)d0 

z 2 yy xx J -0.622Tr 

1. 378tt 

0. 622tt [e zd (l+cos20)-e yd 8in20]d0}.O 


Forming the integrations in equation 38 through 40, 


H - -2.08u (I -I )e .-0 
x o zz yy xd 


H -2 . 20u> (I -I )tt(e+0.365s ,)=0 
y o v zz xx yd 

H z =1.535o) o (I yy -I xx )Tr(e+0.955E zd )-0 


From the above equations, £ X( j» e y d » anc * e zd e 9 ua l 

£ = 0 
xd 


£ -2.7 4e 

yd 


£ .= -1.-05E 
zd 


(52) 

(53) 

(54) 

(55) 

(56) 

(57) 

(58) 


The resulting desaturation maneuvers about the X, Y, and Z axes 
are 0, -3.74e, and -2.05e, respectively. The resultant eigen- 
axis desaturation maneuver £ d equals 


O 


e d =E y // (-3.74) 2 +(-2.05) 2 


=4.26e 


(59) 
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At the beginning of the desaturation interval 6^, the desaturation 

maneuver e, is performed. Then, at the end of this interval, the 
d 

orbiter is maneuvered back to its X-POP attitude that it was in 

-2 

just prior to desaturation. Assume that £ equals 1.745x10 
radians (1 degree), the resultant eigenaxis maneuver £ d equals 

7.44xl0~ 2 radians (4.26 degrees). This maneuver £ d is relatively 

small and should not interfere with the pointing of the ASM ex- 
periments at a secondary target. If the orbiter has a maneuver 

capability of 2.91xl0~ 4 radians per second (1 degree per minute), 
the desaturation maneuver e d will take approximately 4 minutes 

to perform. 

By sampling the momentum stored in the CMGs during the primary 

-► 

experimentation period 9 , the accumulated momentum H that the 

gravity gradient desaturation scheme must desaturate is determined. 

From H , the appropriate gravity gradient desaturation maneuvers 
a 

are then computed. 

Al.2.2. Pseudo-Axis-of-lnertia Alignment Scheme - The pseudo- 
axis-of-inertia alignment scheme attempts to place the shuttle 
orbiter in an orientation where the average momentum stored in 
the CMGs during an orbit is minimized. By minimizing the average 
momentum stored in the CMGs, the required gravity gradient CMG 
desaturation maneuvers are also minimized. If this system 
operated perfectly, the average CMG momentum would be zero thus, 
eliminating the necessity of desaturating the CMGs. At the end 
of each desaturation interval, two maneuvers £„„ and £_„ with 

y a 

respect to the desired X-POP attitude are performed about the 
orbiter Y and Z control axes, respectively. These maneuvers 
are performed in an attempt to minimize the accumulated momentum 
stored in the CMGs during the next orbit. To illustrate how this 
system operates, assume that the shuttle orbiter' s principal and 
control axes are slightly misaligned. Assuming that the orbiter 
is stabilized in a X-POP attitude with its X control axis per- 
pendicular to the orbital plane, these axial misalignments will 
produce a nonzero average momentum to be accumulated in the CMGs 
thus, necessitating a momentum dump. Also, the orbiter 's products 

of inertia 1,1, and I are not zero due to the axial mis- 
xy xz yz 

alignments. The resultant gravity gradient torque equations are: 
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T «3w {a "a "(I -I )+a "a "I 
gx o y z zz yy x z xy 


I + [ (a ”) 2 -(a ”) 2 ]I J 
x y xz 7 . y vz 


-a "a " 


T = 3w (a "a "(I -I )+a "a "I 

gy o x z xx zz x y yz 

-a "a "I +[ (a ") 2 -(a ") 2 ]I ) 

y z xy x z xz 

T =3oj 2 {a "a "(I -I )+a "a "I 
gz O X y ' yy xx y z xz 

-a "a "I +[ (a ”) 2 -(a ") 2 ]I } 

x z yz y x xy 


where the local vertical vector a" equals 

1 C -E 


-e 


za 


ya 


za 

1 

0 


ya 

0 


The local vertical vector a was defined in equation 4. 


a 


0 

X 



a 

a 

COSU) t 

y 


o 

a 


sinw t 

z^ 


o 


( 60 ) 


(61) 


(62) 


(63) 


(4) 


Substituting 4 into 63, a" equals 


a ,r 


e cosu) t-e sinw t 

X 


za o ya o 

a " 

8 

COSU) t 

y 


0 

a " 


sinui t 

z 


0 


(64) 


Compute the averages of a "a ", a "a 
2 y z x z 

and (a z ") neglecting all terms that 

of e and e 
ya za 


"• VV- (a *”> 

contain products 


2 


* (a/) 2 . 

or squares 
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a "a ”»0 

y z 


( 65 ) 


r“"T"- - 

x z 2 


r' iT T^ 7 = -22- (67) 

x y 2 

(a ”) 2 *0 (68) 

x 

<a y ") 2 = | (69) 

(a ") 2 = \ (70) 

z 2 

Substituting equations 65 through 70 into equations 60 through 62, 
the average gravity gradient torques are: 

3w 2 

T [e i + e I ] (71) 

gx 2 ya xy za xz 


-r 


I - — [ E (x _x ) +e x +i ] (73) 

gz 2 za v yy xx ya yz xy 

By integrating the above average gravity gradient torques over one 
orbit, the resultant average gravity gradient angular momentum 
equals 


ex 

gx 

-3ttw [e I +e I ] 
o ya xy za xz 

(74) 

a 

gy 

-3ttw [ e (I -I )-e I +1 J 
o ya xx zz za yz xz 

(75) 

a 

gz 

3ttu [e (I -I )+e I +1 ] 

o za yy xx ya yz xy 

(76) 


Since the orbiter’s principal and control axes are only slightly 
misaligned, the orbiter's products of inertia can be approximated 
by 
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(77) 


I 

I 

I 


-e t 1 'I) 
xy oz yy xx 

=e (I -I ) 
xz oy xx zz 


=e (I -I ) 
yz ox zz yy 


(78) 

(79) 


where e 


and e are the misalignments between X, Y, and Z 


principal and control axes, respectively. By judiciously sub- 
stituting the above approximations for I 


xy 


xz 


and I into 
yz 


_ j n. 

c^uatxuub 


t_ *7 C j t. 


/- r Clircugii ^ auu uy aii 


Leona mai Contain 


products of £ , £ , and e with e and £ , the average gravity 

Y oz oy ox ya za’ 

gradient momentum equations are 



H “0 
gx 

(80) 

H - 

-31TU) [ £ (I -I )+I ] 

(81) 

gy 

o ya xx zz xz 

H =■ 

37TU) [ £ (I -I )+I ] 

(82) 

gz 

o za yy xy xy 


If e and e are zero, the momentum that the CMGs will accumu- 
ya za 

late during one orbit equals 


H x CMG°° 


(83) 


H " -37T0J I 
y CMG o xz 


H 3tujj I 

z CMG o xy 


(84) 

(85) 


Equations 80 through 82 can be written as 


H =K.e +H „„ 
gy 1 ya y CMG 

H “KE +H 
gz 2 za z CMG 


( 86 ) 

(87) 

( 88 ) 


where 
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K r 37TU o (I zz _I xx> 


K_-3ttw (I -I ) 
2 o yy xx 


If the system operates perfectly, H and H will equal zero. 

gy gz 


“K, £ +H 

gy i ya y 

CMG = ° 

(89) 

’ -K„E +H 
gz 2 za z 

CMG = ° 

(90) 


From equations 89 and 90, the pseudo-axis 


and e equal 
za 


, „ _ \_CMG 

ya Kj_ 


alignment maneuvers £ 


ya 


(91) 


H z CMG 

c = - 

za K 2 


(92) 


H y CMG H z CMG are determined by sampling the momentum stored in 

the CMGs. H „ and H were assumed to be due to principal and 

y CMG Z CMG 

control axis misalignments, they could have also been partially or 
entirely due to aerodynamic torques acting on the orbiter; and the 
system would still have worked just as well. Depending on how well 
this pseudo-axis alignment scheme works, it may not be necessary to 
desaturate the CMGs every orbit. 
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Al.3. SI7ING OF X-POP SHUTTLE ORBITER LOW THRUST RCS STABILIZA 
TION SYSTEM 

The sizing of this shuttle orbiter low thrust RCS stabiliza- 
tion system is broken into two parts. First, the RCS engine thrust 
level F as a function of the RCS attitude deadband is determined. 
Second, the total RCS impulse EFAt required to stabilize the shuttle 
orbiter during a 7-day ASM mission is computed. EFAt is directly 
proportional to the amount of RCS fuel required. 

Al.3.1. Sizing of the Shuttle Orbiter RCS Stabilizatio n System 
Engine Thrust Level - The proposed low thrust shuttle orbiter RCS 
system should h engines that are 

a. Small enough to prevent excessive limit cycling 
between the limits of the attitude deadband. 

b. Large enough to insure that the vehicle will not 
exceed the attitude deadband. 

This RCS shuttle orbiter stabilization system was sized using the 
following assumptions: 


a. The RCS engine impulse FAt is the same for all 
engines . 

b. The effective RCS engine impulse duration At equals 
80 msec. An impulse duration of 80 msec was selected 

to reduce the raw fuel loss per impulse to an acceptable 
level . 

c. The engines are fired in pairs in order to produce a 
pure torque moment (no translational motion). 

d. The RCS is decoupled such that an engine pair firing 
produces a torque about only one control axis. 

e. The moment arm l between engine pairs is 18,3 meters 
(60 feet). 
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Assume that the orbiter's axis has just impinged on the 
upper deadband limit due to gravity gradient torques acting on the 

vehicle's i** 1 axis. A RCS engine pair is fired imparting a single 

momentum impulse bit, MIB-FAtJi, to the i th axis sending it towards 
the lower deadband limit. The engine impulse FAt should be small 

enough to allow the gravity gradient torques to decelerate the i 
axis before it has traversed one quarter the width of the deadband. 

Figure Al-4 is a sketch of the RCS deadband. The i fc ^ axis equations 
of motion are 


where 


w.-a . t-u) 
i gi oi 


0 - i a ,t 2 -w . t+0 
i 2 gi oi o 


is the i th axis angular velocity 

6^ is the rotational displacement of the l t ^ 1 axis 

is the i t ^ 1 axis acceleration due to the average 
rectified gravity gradient torque 

la the angular velocity imparted to the 1 th axis 
due to one MIB firing 


( 1 ) 

( 2 ) 


8 is the upper deadband limit' (0.5 deg m 8.725 ®* ac *) 
o 

t is the time from when the i C ^ axis impinged on the 
deadband's upper limit. 
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Figure Al-4. RCS Attitude Deadband for Computing Upper RCS Thrust Level 
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When 8^ reaches -j— , U)^ should equal zero. Substitute these values 
of 6.^ and into equations (1) and (2). 


Q=ct . t-ui . 
gi oi 


( 3 ) 


0 

o 
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4 a t 2 -w t+6 

2 gi oi o 


From equation 3, 


t 


0) 


ot 


oi 

gi 


Substitute equation 5 into 4 and solve for u) q ^ 


(4) 


(5) 


6 

o 

2 


i oj . 2 oj . 


( 6 ) 


0) 


oi 


>(a .8 ) 

gi o' 


1/2 


(7) 



equals 



-Sllra 

*11 


( 8 ) 


where 

Tgilra is the average worst case rectified gravity 
gradient torque acting on the 1^ axis 

1^ is the moment of inertia for the i** 1 axis. 
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Substitute equation 8 into equation 7 
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. ( yr.y /2 
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One MIB equals 


MIB " I ii a) oi !=F i At A 


From equations 9 and 10, the RCS engine thrust F^ equals 

I,.w . , 1/2 

V OF^gllra 1 !! 6 o ) 

The average worst case rectified gravity gradient torques T 
acting on the three orbiter axes are 
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where w q is the shuttle orbiter 's orbital rate. For a 270 NM 
circular orbit, oj q equals 

u> -l.lOxlO' 3 — 
o sec 

T 8x f ra* T gy*ra’ and T gz*ra equal 

T | - 0.384 N-m (0.291 ft-lb) 

r a 

T gy i ra -' 8 - 31 N-m (6.12 ft-lb) 

T gz I ra™ 7. 94 N-m (5.84 ft-lb) 


(9) 

( 10 ) 

(ID 

( 12 ) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 
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into 


Substituting the appropriate values of Z, At, 1^, and T gi l ra 
equation 11, the RCS engine thrust F^ equal 


F =5.10xl0 2 

e 1/2 

(19) 

X 

o 


F =5.65xl0 3 

e 1/2 

(20) 

y 

0 


F =5.62xl0 3 

e 1/2 

(21) 


Since all the RCS engines are assumed to be Identical the X axis 
determines the upper limit on engine thrust F. 

F =5.10xl0 2 6 1/2 (22) 

max o 

A RCS engine pair is commanded to fire when the i th axis im- 
pinges on one of the attitude deadband limits. Assume that the 
RCS firing logic is governed by the following linear rate plus 
position law. 

l K R W i +K p 6 i l" E (23) 


E is a positive constant scalar that corresponds to the attitude 
deadband limit. When the above equation is satisfied, a pair of 
RCS engines are fired. 

Assume that the i^ axis has just impinged on the RCS upper 
deadband limit. This does not necessarily mean that 0^ equals 0 q , 

but only that equation 23 is satisfied. Since the i t * 1 axis has 
impinged on the upper deadband limit, the absolute value brackets 
can be removed from equation 23. 


Vi +K p e i“ E (2A > 

An appropriate RCS engine pair is fired accelerating the i th axis 
towards the lower deadband limit. Using figure Al-5, the following 

equations of motion for the i^ axis can be written. 
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Figure Al-5. RCS Attitude Deadband for Computing 
Lower RCS Thrust Level 
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(25) 


where 


V "“I 'i^lo 


V - I Vl^lo^lo 


is the resultant acceleration due to gravity and 
the RCS engine pair firing 

to, is the i 1 "* 1 axis angular velocity at the time of 
° RCS firing 

A. L 

9 is the i L axis rotational displacement at the time 
° of RCS firing 

is the time from RCS firing 


(26) 


Substitute equations 25 and 26 into 24, 


V-Vl + “io> +K P [ - I 


or 

K R W io +K P e io _K R a i t i +, S> Iii) io t i _ 2 “i 1 ! J “ E 


(27) 


Since K R w i o +K p 0 i o e 9 uals E * 

¥ i'i 2 '" 0 


(28) 


Solving for t^ from equation 28, 


w. 



(29) 


In order to prevent the i^ axis from exceeding the deadband E, the 
above expression for t^ must be zero or negative. If t^ is allowed 

to be positive, the i tR axis will exceed the attitude deadband 
causing the RCS to continue to fire for as long as the deadband is 
exceeded. From equation 29, 
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or 


(30) 


t 


.2&S 

1 “l 





In order to solve for the minimum allowable value of a ± , u) lo must 
be computed. The following assumptions are made: 


if fii/? 


fch 

a The RCS system fires when the i axle 

equals the upper attitude deadband limit, Kp0^*E. 


V V*. WL 


b. The RCS system imparts one MIB when the gravity gradient 
torque changes sign. The maximum average rectified gravity 

gradient T . | helps accelerate the i th axis towards the 
gi. rs 

lower attitude deadband limit. 


The resulting equations of motion are 


a: - -a ,t-a..At 
i gi Ji 

V - 1 v t2 ' ( V t>t+e c 


where a., is the acceleration about the i 1 "* 1 axis due to one RCS 


Ji 


engine pair firing for At seconds. When the i th axis reaches the 
lower attitude deadband limit, 0^ equals -0 O and ( 0 ^ equals 


-to . - -a . t-a. , At 
io gi j i 


or 


to. -a .t+a..At 
io gi ji 


V - k v t2 ' ( V t)t+e < 


(31) 

(32) 

(33) 

(34) 
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Using equation 34 to solve for t, 


t* 


-a 11 At4-[(ot jl At) 2 +4a gi e o ] 1/2 


a 


gi 


Substituting equation 35 into 33, equals 




Substitute equation 36 into 30, 


C>1 i ^ « v t)2+4 V ]1/2 


Note that equation 30 was derived assuming that the RCS engines were 
fired to counteract gravity gradient torques that would have cause 

the i*"* 1 axis to exceed the attitude deadband limit, therefore 


V a ji °gi 


Substitute equation 38 into 37, 


Solving equation 39 for a^, equals 


“ji - 


— + & 

h »^\2, V 


At) ] 


4a .0 

8 1 0 


2 A „2 
a . At 

_8i 


At) 2 ] [l-(^) At ) 2 ] 2 J 


1/2 


( 35 ) 


(36) 


(37) 


(38) 


(39) 


(40) 
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Equation AO can be approximated by 


equals 


Kp 

°Ji “ ( K r ) 


Aa .0 
gi o 


Kp 2 

l-(~ At) 2 


^ 1/2 


(Al) 


jl 


^i" T 


(A2) 


“ii 


, th 


axis due to one 


where is the torque generated about the i 

RCS engine pair firing. From equations Al and A2, the lower limit 
on engine thrust equals 


2 ^ 

F i= 


I T . I 0 
ii gi ra o 

Kp 2 
i-(ir At ) 2 

■ Kr 


1/2 


(A3) 


Assume that — equals one. Substituting the appropriate values of 

Kr 

i. At, I , and T I into equation A3, F equals 
’ ii gi ra i 


F 

x 

F 


y 

F 


z 


1/2 

82 0 


9.15xl0 2 e 


9.02xl0 2 0 


1/2 

1/2 


( 44 ) 

(45) 

(46) 


Note that F is smaller than either F and F , and also note that 
x y z 

Fy and F g are almost twice as large as the maximum value of engine 


C 
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thrust F given in equation 22. The above values of F y and F g were 

computed using the worst case average rectified gravity gradient 

torque T I and T I , but the shuttle orbiter is stabilized in 
gy'ra gz'ra 

a X-POP attitude in order to minimize these torques. For the X-POP 
stabilized shuttle orbiter, T gy | fa anc * ^g Z l ra are ^ ue on ^ to Y an< * 
Z axis attitude errors. The actual value of T gy | ra and T g J ra are 

estimated to be approximately two orders of magnitude smaller than 
their worst case values, therefore the value of F^^^ given in 

equation 22 is valid and the minimum value of F, F min » equals the 

above value of F . 

x 


1/2 


F , -F -82 6 
min x o 


(47) 


The limits on the RCS engine thrust level F are 


F < F < F 
min max 


82 6 < F < 510 9 1 ^ 2 

o o 


(48) 


Figure Al-6 is a plot of F , F^, and a nominal thrust level F nom 

as a function of the attitude deadband +9 q The selected nominal 

value F equals 

nom 


1/2 


F -260 9 
nom o 


(49) 


For an attitude deadband 9 q ranging from 0.291 mrad (1 min) to 
8.7 mrad (0.5 degree), the nominal thrust level F^ varies from 

4.45 N (1 lbf) to 24.3 N (5.7 lbf ) , respectively. 

Al.3.2. Sizing of the Shuttle Orbiter RCS Stabilization System 

Total Impulse EFAt Requirement - Assume that the shuttle arbiter 
is stabilized in the X-POP attitude shown in figure Al-7. The gravity 
gradient torques acting on the shuttle orbiter are : 


Al-43 



Al-44 



Al-45 


Z 




Figure Al-7 . Sketch of Shuttle Orbiter X-POP Attitude 


( 50 ) 


T “3co a a ( I 77 -1 vv ) 
gx o y z zz yy 


T =3to a a (I -I ) 
gy o x z xx zz 


T =3oo a a (I -I ) 
gz o x y yy xx 


where a . a , and a are the components of the local vertical unit 
x y z 

vector a shown in figure Al-7 . The components of a are 


a =cos to t 

y o 


a =sin to t 
z o 


Assume the shuttle orbiter is misaligned from the true X-POP at- 
titude by two small rotational angles E^ and about the Y and Z 


axes, respectively. 

The 


V 


a' - 

a ’ 

y 

*s 


a 1 
z 



1 e -e 

Z y 

-e 1 0 

z 

e 0 1 

y 


e cos to t -e sin w t 
z o y o 

cos w t 
0 

sin u t 
o 


Assume that and E z are equal (Ey“e z “e). The resultant gravity 
gradient torques are 
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g* 


, 2 
=3u> a 


(I -I ) 

zz yy 



-I ) sin 2o) t 

yy o 


( 57 ) 


T 

gy 





(i -i ) 

XX zz 


2 

3w 

= — 2_ (I -I ) e [1-cos 2 cj t-sin 2u> t] 
2 zz xx' o o 


(58) 



(I -I ) 
yy xx 



(I -I ) e [1+cos 2o> t-sin 2w t] 
yy xx o o 


(59) 


The total required impulse EFAt that the RCS must supply is directly 
proportional to the accumulated rectified angular momentum acting 
on the three vehicle axes. The rectified angular momentum H gi l x _ POP 

accumulated during one orbit due to the above gravity gradient torques 
are 


H 


gx 1 X-POP 


H 


gy 1 X-POP 


H 


gz 1 X-POP 



|T ' | dt=6co (I -I ) 
1 gx 1 o zz yy 


T ' dt- 

gy 


3(4+iOu> o e 

2 


(I -I ) 

ZZ XX 


T ' I d t= 
gz 


3 (4+tt)(jj £ 
o 

2 



XX 


) 


(60) 


(61) 


(62) 


_3 

Assume that e equals 1.745x10 radian (1 degree). The accumulated 
momentums that the RCS system must counteract each orbit are 
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H ! = 2 245 N-m-sec/orbit (1 650 ft-lb-sec/orbit) (63) 

gx 1 X-POP 

H pQp = ^ 470 N-m-sec/orbit (1 080 ft-lb-sec/orbit) (64) 

H gz^X P0P a ^ ^-m-see/orbit ®30 ft-lb-sec/orbit) (65) 

The total rectified gravity gradient momentum that the RCS system 
must absorb equals 

H g I X-P0P =H gx I X-P0P +H gy I X-P0P +H gz I X-POP 

= 5 115 N-m-sec/orbit (3 760 ft-lb-sec/orbit) (66) 

The total impulse EFAt| gg per orbit needed to counteract H gl x _pop 
equals 


i ^ ' X-POP 

^ FAt l gg /° r bit“ 


“560 N-sec/orbit (126 lb-sec/orbit) 


(67) 


The total mission impulse EFAt | equals 

88 


EFAt ] /mission»59 400 N-sec/raission (13 400 lb-sec/mission) (68) 
88 

The RCS system besides absorbing the rectified angular momentum 
Hg I X-POP mu8t counteract the rectified momentum due to aerodynamic 

torques, H I . Assume that H I equals 
aero'ra aero'ra M 


H “0.05 H „ ___ 

aero'ra g' X-POP 


“256 N-m-sec/orbit (188 ft-lb-sec/orbit) (69) 
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The impulse EFAt | per orbit needed to absorb H I equals 
1 aero aero 1 ra 


EFAt| /orbit= 
' aero 


2 H 


aero ' ra 


=28 N-sec/orbit (6.3 lb-sec/orbit) 

The total mission impulse EFAt I equals 

'aero 

EFAtl /mis8ion=2 970 N-sec/mission (669 lb-sec /mission) 

1 aero 

EFAt | and EFAt | are the minimum total Impulses 
'gg 'aero 

that are necessary to perfectly absorb the gravity gradient and 
aerodynamic rectified angular momentum. During portions of the 
orbit, the magnitude of the gravity gradient and aerodynamic 
torques are too small to prevent the vehicle control axes from 
limit cycling back and forth through the deadband. Assume that 
the additional impulse expended due to this limit cycling EFAtI 

L»C 

per orbit equals 


EFAt | LC /orbit“0 . 25 (EFAt | gg /orbit+EFAt | ^/orbit) 

=147 N-sec/orbit(33 .1 lb-sec/orbit) 

The total mission EFAt | equals 

EFAt L _/mission“15 600 N-sec/mission (3 520 lb— sec/mission) 
uC 

The average time per axis between each RCS pulse t^ required 
to stabilize the shuttle orbiter equals 

1.71xl0 4 F 
C f" (EFAt) * 


(70) 

(71) 


(72) 

(73) 

(74) 
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where 


(EFAt)’-EFAtl /orbit+EFAtl /orbit 
1 gg 1 aero 

+EFAt | /orbit 

Lv 

=735 N-m/orbit (542 ft-lb/orbit) 

In figure Al-8, t f versus 0 Q is plotted for the nominal thrust level 

F shown in figure Al-6. For an attitude deadband 9 ranging from 
nom ° o 

0.291 mrad (1 min) to 8.75 mrad (0.5 degree), the average time 

per axis between RCS pulses t f varies from 103 to 605 seconds. 

During the ASM mission, the shuttle orbiter is assumed to be 
maneuvered on the average of four times a day or 28 times a mission. 

-4 

A maneuver rate capability ui of 2.91x10 radian per second (1 

man 

degree per minute) is assumed about the shuttle orbiter axis cor- 
responding to its maximum moment of inertia (i.e., Z axis). To per- 
form this maneuver, the RCS system must impart the following impulse 

to the shuttle orbiter . , T . 

4(1 a) ) 
zz man 

EFAt I /maneuver- 5 

'man i 

■3 260 N-sec/maneuver(734 lb -sec /maneuver) (75) 

The total mission impulse iFAt! alloted for maneuvering is 

man 

EFAtl /mis8ion°28 (EFAtl /maneuver) 

1 man 1 man 

-91 200 N-sec/mission(20 500 lb-sec/mission) (76) 

After the shuttle orbiter is placed in its X-POP attitude by 
its baseline ACPS , the low thrust RCS system takes over control 
by absorbing the remaining residual momentum left by the baseline 
system. Assume that the shuttle orbiter is in a torque-free en- 
vironment. For the shuttle orbiter baseline ACPS, this assumption 
was shown to be valid in section Al.l. Each vehicle axis 
will limit cycle between the limits of the ACPS attitude deadband 
+9 q . Figure Al-2 is a sketch of this ACPS attitude deadband. The 

lower limit, -9 , is designated state a, and the upper limit is de- 

signated state b. Assume the i vehicle axis is at state a. 
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AVERAGE TIME PER AXIS BETOOK RCS PULSES (8EC) 


8 , min 
o 



Figure Al-8. Average Time Per Axis Between RCS Pulses Vs Attitude Deadband +9^ 


At this point, the RCS thrusters will fire sending the «i axis 

towards state b. As the i th axis traverses the deadband from a 
to b, the axial angular velocity equals 


“ab-V”ab <0> 


where w. is the change in angular rate about the i axis due to 
a single ACPS firing. The position of the axis 0 ^ equals 


( 77 ) 


a =r/,t -ij.v fn\ i«-_a 
'ab l ~i '~ab “o 

When the axis reaches state b, the thrusters fire once more 
sending the vehicle back towards a. The angular velocity ui^ 

and position 9. as the axis travels back towards a equal 

“ba"-“l + Ub a (0> 

e ba’ [ -Vn,a <0)lt+e o 


i m 90t\ 

\ • W / 


(79) 

(80) 


From equation 78, the time t gb for the axis to traverse the dead- 
band from state a to state b equals 


e -e 

ab c 


■fw.+w . 

i ab 


(0)]t 


ab 



28 

t o 2 

ab cd.+w , (0) 
1 ab 


(81) 


From equation 80, the time t^ to return to state a equals 

\a'- 6 o' | -“l + n,a (0)lt ba +6 o 

29 


t ba B w.-w. (0) 
i ba 


Under steady state conditions 


t . -t, 
ab ba 


(82) 


( 83 ) 
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Therefore, using equations 81, 82, and 83, 



W ab (0) “"V (0) 

(84) 

Since the 
taneously 
pressions 

angular velocity of the i 1 "* 1 axis cannot change instan- 
at either boundary of the deadband, the following ex- 
can be written using equations 77 and 79. 



^. (0) -V“ab< 0 ) 

(85) 


“«b <0) -v*w (0) 

(86) 


Using equations 84, 85, and 86, the following expressions for 
0 )^( 0 ) and 01 ^( 0 ) can be written 1 


OJ 


ab 



“ba (0) - 



(87) 

( 88 ) 


The residual momentum that can be absorbed thus equals 

H tran“^ Vba^^ 0,5 ^ X ii W i (i = x,y,z) (89) 

From section Al.l, equals 

V 2.81 mrad/sec (0.161 deg/sec) 

w y -0.482 mrad/sec (27.6xl0~ 3 deg/sec) 

_3 

a) *0.463 mrad/sec (21.6x10 deg/sec) 
z 

Substituting the above values of w, into equation 89, H equals 

i tran n 

^tran" 3 N-m-sec (4 320 ft-lb-sec) 

The transitional impulse ZFAt 1 tran that the low thrust RCS must 
expend to absorb this residual momentum equals 

2H 

ZUt Kran " ~~ jT " 642 N-sec (144 lb-sec) 
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When an RCS system is pulsed, part of its fuel is lost at 
the beginning and end of each pulse. This lost fuel is ejected 
from the RCS as raw fuel. Figure Al-9 is presented to explain the 
source of this loss. The pulse illustrated in this figure is 
typical of an RCS system. The long rise and tail-off times 
shown are important when an RCS thruster is being pulsed at a 
high rate. The sources of the rise time are (1) valve opening 
times, (2) ignition delays, and (3) incomplete mixing. Short 
ignition delays tend to promote incomplete mixing by setting up 
a high energy gaseous interface at the impingement point; the 
propellants are blown apart. This lost fuel is very important 
in rooord to experiment contamination if the effluents are in 
creased significantly or new chemical compounds different from 
the normal combustion products are introduced into the experi- 
mental environment. The curve shown in figure Al-9 is presented 
to show approximately how the fuel loss varies with pulse widths. 
To minimize fuel loss the pulse width should be as long as is 
consistent with the shuttle orbiter stability requirements. 


For an effective pulse duration At of 80 msec, it is esti 
mated that 5 percent of the fuel will be lost in the above 
way. This lost fuel can be measured in lost system impulse 
capability IFAt| lo8t .. For the 7-day ASM mission, the lost 

system impulse capability equals 

EFAt | /mission-0 . 05 (EFAt | /mission+EFAt | aero /mission 

108 L oo 


+EFAt L ./mission + ZFAT | /mission 
1 LC man 

+£FAt! )-8 450 N-sec/mission (1 900 lb-sec/mission) 

1 tran 

The low thrust RCS system impulse EFAt required for the 
X-POP stabilized shuttle orbiter is sized in table Al-3. The 
contingency factor of 2 is added to provide a safety factor f an 
additional maneuver capability, and to account for other sources 
of disturbances such as crew motion not contained in this fuel 
budget. Much of this contingency fuel budget could be used if 
the average number of maneuvers per day is increased above the 
allotted four maneuvers a day, approximately one maneuver every 
fourth orbit. Note that the largest single fuel budget item is 

for maneuvering ZFA 1 1 * 


(90) 
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Table A1 

-3. Sizing o £ the Loy Thruot 

X-POF Stabilized Shuttle 
ASH Mission 

RCS Impulse for a 
arbiter for a 7-Day 

ZFAtl 

m 


59 A 00 N-see 

(13 400 lb-see) 

ZFAe 1 aesro 


2 970 N-sec 

( 669 lb-see) 

£F4£ llc 


15 600 N-sec 

( 3 520 lb-see) 

ZFAtl 

•ram 


91 200 N-sec 

(20 500 lb-sec) 

£Mt l tra n 


642 N-sec 

( 144 lb-see) 

£F4t 'l,.s 


8 A50 N-sec 

( 1 900 lb-sec) 

Sub Total 


178 262 N-sec 

(40 133 Ib-aee) 

Contingency 

Factor 

X 2 


Total ZFAt| 


356 524 N-sec 

(80 266 lb-see) 
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A1.4. REACTION CONTROL SYSTEM CONTAMINATION 

Al.4.1. Effluents - For an RCS system using high performance 
bipropellants (e.g., N^/N^) , the total weight of propellants 

used in a nominal 7-day mission (W^) may be about 200 kg (440 lb) . 

If we assume that it takes 30 minutes to sweep the resultant cloud 
away from the spacecraft, and that it is being continuously re- 
placed, there will be an average of 145/(7) (48), or 0.43 kg of 
combustion products in the cloud throughout the mission. The 
total mass of combustion products in the cloud (M) then is 


M=0. 43 kg 


a. Local Density in the Cloud of Combustion Products - 
To determine local density, assume 


1) Spherical symmetry (simpler) 

2) A fixed mass exists in the cloud = M 

(rate of clearing = rate of addition from thrusters) 

3) A radial distribution varying like 1/r^ (typical 
of a process of this kind) 

4) A minimum spacecraft radius = R q . 
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Based on these assumptions, p(r,8,4>) - per, and the total Integral 
of p over all space must equal the cloud's total mass H: 


oo 

M p(r)dv =j 
v R 


p(r)dv = ^ p(r)47rr 2 dr = 4TTk\ ^f - “ 4irk/R o 

J r ° 


MR 


If p(r)“kr 4 , p (r)= — ^ 7 ; where R > R . 

4irr 4 ~ 0 


Take R q as 2 meters, the local density of combustion products 
at radius r is then 

, \ (.43) (2) 0.07 , , 3 

p( r )„ Ji « — — kg/m ; 

4irr r 


and the local density at the surface (R) . 


p “.004 kg/m . 
s 


b. Total Mass in a Cylindrical Column - To determine the total mass 
in a cylindrical column, the integration of p(r) is performed over the semi- 
infinite "tube" or prism of a sufficiently small cross-section, for instance 
(1 cm by 1 cm) 



M “ — '-^Kj ■ .003 kg/m 2 

PC 12ttR 2 
o 

c. Total Mass of Combustion Products Per Steradian - To determine the 
total mass of combustion products per steradian out to radius r 

M - — ( 1 - kg 

pfl 4 ir ' r ' steradian 


• .034 - * ■ ■ ■ kg/steradlan 
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and the total mass (to ®) in a 1 steradian cone ■ Mp^"«.034 kg/ 
steradian • 

d. Exhaust Plume Impingement - References 1 and 2 indicate 
that about 2% of a rocket plume will impinge beyond 90° 
from the nozzle axis over a radius averaging 12 meters. In 
7 days, one RCS nozzle may exhaust (assuming six nozzles) 

145/6 kg of products. Therefore, the combustion products im- 
pinging on surfaces of the vehicle may be about 


„ .-Ml. _i« 

i 2 2 

67rr 6 tt(12) 

3 0.053 kg/m^ 


e< Uncombined Propellants - From section Al.3.2, it 
appears that about 5% of the propellants will remain uncombined 
at 80 milliseconds pulse width. Most of these uncombined pro- 
pellants will be expelled into the cloud as a gas or as droplets. 

A smaller part of it will be carried much more slowly in the 
boundary layer of the nozzle and may merely run back to nearby 
surfaces. 

The part that is carried in the boundary layer could create 
a serious contamination problem if the source were near a critical 
surface, as the material is cold and hence a large fraction of it 
might be deposited. This is probably not the case with the shuttle 
orbiter, as one would expect the RCS nozzles to be located at the 
extremities of the orbiter vehicle, and not near any critical 
optical surfaces. 

Constit uents of the RCS induced Atmosphere - Based 
on references 3 and 4, table Al-4 contains a list of potential pro- 
ducts that appear to be typical for high performance propellants. 

Most of these constiuents will be in the form of gases at 
temperatures near the exhaust temperature of 1200° to 1800° K. Much 
of the carbon, however, is likely to be in solid form, made up of 
small particles. The uncombined propellants, as previously mentioned, 
will be gaseous or droplets. The sodium potassium, and rare earths, 
which are potential fuel impurities, would appear mainly as gases. 
Nitric acid, a product of incomplete burning of MMH or UDMH, would 
appear as a gas. Ablative materials, complex hydrocarbons perhaps 
from nozzle liners If used, might appear largely in solid form. 
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Table Al-4. RCS Contamination Constituents 


CONSTITUENT 

I BY VOL 
IN CLOUD 

@ LIQUID N 2 
TEMPERATURES 

ESTIMATED STICKING COEFFICIENTS 
IN SHADE 

. IN SUN 

h 2 o 

7.1 

1.0 

.1 

.01 

>2 

46.2 

0 

0 

0 

H 2 

24.0 

0 

0 

0 

CO 

15.1 

1.0 

.1 

.01 

C°2 

1.5 

1.0 

.1 

.01 

C 

1.1 

1.0 

.1 

.01 

DNCOHBINED 

PROPELLANTS 

5.0 

1.0 

.1 

.01 

Na 

0.003 

0.5 

.05 

.005 

K 

0.003 

0.5 

• 

.05 

.005 

hno 3 

UNK 

1.0 

.1 

.01 

ABLATIVE 

MATERIAL 

UNK 

0.5 

o 

o 

Ut 

.005 


RARE 

EARTHS 


TRACE 


0.5 


.05 



The sticking coefficients were estimated in order to obtain 
a rough idea of the quantities that might accumulate on critical 
surfaces, either from the cloud or from direct impingement of the 
RCS exhaust. It was not possible for this study to attempt cal- 
culation of the accumulation of material on the critical surfaces, 
but only to make some comments about potential effects. 


A1 - 4,2 - Shuttle Contamination Model - The total contamination 
potential may be estimated by consideration of the data presented 

in table Al-5. The shuttle contamination model contains basic orbi- 
ter contamination sources (taken for the most part from the General 
Dynamics RAH reports) plus the estimated effluents expected from a 
small (4 lb) RCS stabilization system. The key issue is that por- 
tion of the potential contaminants that cannot be programmed for* 
ejection when astronomy experiments are protected. 


Fortunately, most of the potential contaminants will be used, 
or can be ejected at a time before or after the observation period. 
However, cabin leakage, outgassing, and that part of the RCS ef- 
fluents needed to stabilize the orbiter during observation cannot 
e programmed. These effluents will be sources of continuous con- 
tamination throughout the mission and, except for outgassing, will 
be relatively constant. 


. , Ib S6en that the additlon of ^ RCS stabilization system 
would double the amount of unprogrammable contaminants, and would 
probably add significant quantities of some new elements to the 
induced atmosphere surrounding the spacecraft. 

A1 • 4 • 3 * Potential Effects of RCS Effluents 

nrnHi a ; In troduction - The majority of the combustion by- 
products resulting from the firing of RCS engines are ejected at 
high velocities. These will leave the spacecraft area rapidly 
and produce no interfering effects on the scientific instruments 
or subsystems. A portion of the exhaust material, however, leaves 

ana J " 8 f J 0 " velocit ies , and therefore remains close to the 

spacecraft, basically in orbits similar to that of the spacecraft 
Eventually this material is accelerated away from the spacecraft 
by atmospheric drag and by radiation pressure, but while it is 

energy t may^b e 8 expec ted ^ ' 8Cattering 3bS ° rption ° f ^ctroma g netic 

(froB^JSJ 1 ?? b V He conCa,nlnat:ion cloud » whether preferential 
(from atomic iines) or spectrally broad (attenuation by deposition 

eithei abao?^ ^ mo ?- ec “ lar banda > is a potential hazard when 
ither absolute or relative intensity measurements are being made 
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Table Al-5. Contamination Model 


; SOURCE 

MATERIAL 

RATE OF 
DISCHARGE 


ACPS 

gy 

f ■ " -0 

i 1 

CiKu, 

f 


h 2 © 

190 LB/DAY (1) 

YES 

V 


H 

WASTE 

HjO 

3.3 LB /MAN -DAY ( i ) 

YES 

V 

v/ 

\/ 

SHUTTLE CABIN LEAKAGE 

N 2 ♦ Og + HjO 

9.3 LB/DAY (1) 

N© 

sf 

%/ 

D 

RESEARCH MODULE LEAKAGE 

H 2 + °2 * H 2° 

10 LB/DAY (2) 

NO 

B 

v/ 

n/ 

OUTGASSING 

ORGANIC GASES & 
PARTICLES 

1 LB/DAY (3) 

NO 

s/ 

%/ 

v/ 

ACPS (±0.5 DEG) 

H 2 0, CO. ETC 

815 LB/DAY(4) 

NO 

v' 



MAN & TRANS RCS 

H 2 0. CO. ETC 

21 LB/DAY (4) 

YES 


s/ 


RCS STABILIZATION 

H 2 0, CO, ETC 

20 LB/DAY (4) 

NO 


s/ 



NOTES: (!) DATA EXTRACTED FROM RAM TASK 4. 2/4. 3 REVIEW DATEO 10 DEC 197! 

(2) DATA BASED ON SORTIE CAN CONCEPTUAL DESIGN , ASR-PO-OO-72-2 , MARCH 1 , 1972 

(3) ESTIMATED BASED ON SKYLAB MODEL 

(4) EASED ON PROPELLANT REQUIREMENTS 












on the source, such as with a photometer, where the band pass may 
be wide enough to include an unexpected absorption line due to the 
cloud and thereby perturb the instrument intensity calibration. 

For high resolution spectroscopy, in addition to degradation 
of absolute and relative intensity calibration of the instrument, 
the acquisition of data for spectral line profiles could be foiled 
by the unexpected influence of nearby or overlapping absorption 
lines and bands due to the contaminant cloud, particularly in the 
case of a complex profile such as the solar hydrogen Lyman a line 
a *" 121.6 nm and the resonance lines of Mg II (magnesium atoms with 
one electron removed, which have a single valence electron con- 
figuration like sodium) at A 279.6 and 280.3 nm in the ultraviolet 
range. The Lyman a line already has a sharp absorption core due 
to atomic hydrogen between the earth and the sun with a column 

density of approximately 2xl0 12 cm -2 above 200 km altitudes, and 
is useful in determining that quantity. The spacecraft cloud could 
influence this measurement if atomic hydrogen was present in high 
concentrations. 

Scattering effects must be considered if a large number of 
particles drifts within the field of view of an observing instru- 
ment. The most important source of energy for scattering is the 
sun, but earthshine and moonshine cannot be ignored. Noncoherent 
(or Mie) scattering could be a severe problem in the presence of 
sunlight (reference 5). Even for the worst case model, Rayleigh 
(or molecular or coherent) scattering due to interactions of photons 
with free molecules, does not appear to be a problem that requires 
reckoning (reference 6). 

The contamination effects on the scientific instruments con- 
sidered here are based on particular models that were assumed for 
the chemistry of combustion and for the exhaust ejection and dis- 
persal processes. No detailed experimental verifications are 
available that lend support or discredit the models. The con- 
tamination effects discussed here should be considered as tentative 
estimates; supporting tests and detailed analyses will be necessary 
to develop better estimates. 

The column densities assumed for the various chemical species 
based on the models described above, are listed in table Al-6 and * 
a summary of potential effects is given in table Al-7. Some of 
these contamination effects are discussed in the following para- 
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Table Al-6. Estimated Column Densities of 
Individual Chemical Species in 
the Contaminant Cloud 

SPECIES 


Water, total molecules 

vapor phase 

ice particles 
(D-l-100 ud) 

Hydrogen, molecular (Hg) 
atomic (H) 

Nitrogen (Ng) 

Carbon Monoxide (CO) 

Carbon Dioxide (COg) 

Carbon Granules (D»0.1 pm) 
Sodium (Na) 

Potassium (K) 

®Unbumed propellants, NgO^ 
CH 3 *NH:NHg 

®(Most likely in droplet form, 
no size estimate available). 


COLUMN DENSITY 
-2 

COLUMN THICKNESS 

cm 

at mo -cm 

8x10^ 

no 


2xl0 17 

.008 

(n-UxlO 1 *) 

- 

5.2xl0 l8 

.19 

lxl 0 1 7 

o 

o 

2.7xl0 18 

.10 

l.TxlO 18 

.06 

l.TxlO 17 

.006 

(n^xlO 11 ) 


1 L 

2.1*xl0 

10" 5 

2-UxlO 11 * 

Lf\ 

I 

o 

ri 

(l.UxlO 17 ) 

- 

(4.2xl0 17 ) 

_ 
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Table Al-7. Potential RCS Contaminat 


ion Effects 


CONSTITUENT 


POTENTIAL 
CLOUD EFFECTS 


POTENTIAL 

DEPOSITION EFFECTS 


H- 


N. 


hno. 


UNCOMBINED 

propellants 

ablative 

materials 


BANDS IN ,R & 

SCATTFR?Nr°ir.5f VERE SUNL,GHT 
atATTtRING IF ICE IN CLOUD 

ABSORBTION BANDS IN UV 

OPAQUE FOR K< IOOO l 

STRONG ABSORBTION BANOS IN IR 

POSSIBLE SUNLIGHT SCATTERING 

UNES* ABS0RBT,0N AT RESONANCE 
POSSIBLE ABSORBTION BANDS 

ABSORBTION BANDS IN IR 
SCATTERING OF SUNLIGHT 

POSSIBLE SCATTERING 


SEVERE ABSORBTION ON IR INST* 
SEVERE SUNLIGHT SCATTERING IF 
ICE DEPOSITED ON SOLA* INST 

NONE 

NONE 

SEVERE ABSORBTION ON IR INST 
POSSIBLE SUNLIGHT SCATTERING 
COULD BE SEVERE WITH WATER 


IF dilute, MAY ATTACK 
COATINGS 

UNKNOWN 


POSSIBLE SCATTERING 


I CAL 


b„ Water - In its various forms , water is singled out as 
the most critical combustion byproduct , as far as contamination 
effects are concerned. It will be encountered mostly in the vapor 
and ice crystal phases, and occasionally condensed onto cool 
surfaces in the liquid phase. 

In the vapor phase, the major effect anticipated is the 
absorption at selected wavelengths, which is important in the 
infrared and ultraviolet ranges. In the infrared range, for the 

assumed column density of 2x10^ cm , attenuation will be observed 
at the 2.7, 6.3 and 60 ym bands, reaching depths of attenuation of 
between 2 and 20 percent (references 6, 7, 8). Infrared spectroscopy 
studies of celestial sources will therefore be partially masked 
by this selective absorption. If adequate measurements are made of 
the water vapor column density, it may be possible to partially com- 
pensate for this masking by subjecting the data to post-mission 
processing. 

In the ultraviolet range, water vapor exhibits substantial 
absorption for wavelengths shorter than 180 nm (references 6, 9). 

The anticipated column density will result in absorption ranging 
from 4 to 30 percent between 110 and 180 nm, increasing to approxi- 
mately 90 percent absorption at 100 nm and shorter wavelengths. 

The nucleation of water into the form of ice crystals, or 
snow, is also anticipated. These crystals may be of compara- 
tively large dimensions, with diameters ranging from 1 to 100 
ym (reference 5) . The larger particles will remain close to the 
spacecraft for extended periods. The primary effect of these ice 
particles will be scattering. The column densities of ice 
crystals predicted by the assumed model indicate that the 
scattered sunlight will be as much as four orders of magnitude 
brighter than the radiance of the night sky away from the 
galactic equator (reference 5) . This may preclude observations 
of faint stellar sources during the sunlit portion of the orbit, 
and of the outer solar corona, if RCS is used for attitude control. 

Deposition and condensation of water vapor on the optical 
surfaces within the instruments may also occur. A preliminary 
analysis suggests that this problem will be most pronounced with 
the cryogenically-cooled infrared telescope. Broadband absorption 
and scattering are anticipated from this type of condensate. 

c. Hydrogen and Nitrogen - The most abundant species in. 
the RCS exhaust is hydrogen. It is expected to be present mainly 
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in the molecular form, H 2 , but may also appear in appreciable 

proportions as atomic hydrogen (due to the ineffectiveness of 
the radiative association mechanism for formation of molecular 
hydrogen (reference 10) . 

Molecular hydrogen in its ground state has no permanent 
dipole moment, and therefore shows only weak absorption in the 

when ho r T 86 $ Te * etence U >- Significant absorption is observed 
when the molecule is excited to electronic states, i.e., the 

Lyman and Werner progressions or bands, which start at 110.8 and 
100.9 nm respectively (references 9, 10). In this range, absorption 
due to the anticipated column density will be as high as 85 percent 
(.reference 2) . 

The exclt ed levels of the hydrogen molecule have long life- 

excited states ’ the —nt 

frnroi l reSUlt ln abs °rption lines in the in- 
~ e V a ?f; The Proportion of molecules in the excited states 

carJfuUy Jf Rcr«t?f d H 1S n0t “ d Sh ° uld be instigated 

carefully if EC S attitude control techniques are selected. 

The atomic hydrogen component is a different problem A 
small proportion of the hydrogen in the monoatomic form sav one 

L er o C p e tica°i d«tTo1 e J P f in the ClOUd ’ Wl11 

ptical depth of 0.6 (45 percent absorption) at several of 

ar 3SSSS °h £ Cb \': ymm J Serles - ThlS " ul “"«i»nte to the 

described ab1“. P " t0 the m ° lecular b “ d =. »as 

is not h anticiDa?nd 10n ° f hydrogen ont ° critical optical surfaces 

to Its rnttl!"," cryogenic ally- cooled surfaces, due 
ICS very low boiling temperature, 20.3 K. 

is hydrtn^Ttt 08 ?!! ^ n0t 38 abundant in the RCS exhaust as 
form N The m t J® PreSent mainl y ln the gaseous molecular 
around^the ^ pr0minent e«ect of the nitrogen "atmosphere" 

the absorption produced by the anticipated N 2 conc^traUon JuT' 

be as high as 99 percent (reference 6). 

op tica^sur faces "L'T’us T t0 °nto critical 

Sinele nncc’M * e tCJ its low boiling temperature of 77 K The 

scop 8 e? Lr:hJch e s„ C rL“e 0n temo the t Cry08e,,1CaUy - COOled lnfrared «lc- 
nich surface temperatures could be 27 K or lower. 
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d„ Carbon Monoxide and Carbon Dioxide - These two stable 
oxides of carbon will appear in the RCS exhaust. The carbon 
monoxide (CO) concentration in the exhaust is expected to be 
approximately ten times higher than the carbon dioxide (C0 2 ) level, 
apparently due to an oxygen-poor combustion mixture. 

Both of the carbon oxides show strong absorption in the 
ultraviolet range (references 9,13). The absorption spectrum 
of CO shows peaks at several discrete wavelengths within each 
band, reaching maximum values of nearly 10 percent. The anticipated 
column density would be opaque in the 20 to 70 nm extreme ultra- 
violet range. The absorption spectrum of C0 2 is generally smoother 
than part of CO. The anticipated concentration should result in 
moderate absorption (7-40 percent) at all wavelengths shorter than 
160 nm, except at the T12 and 114 nm absorption peaks, for which 
it could be virtually opaque. 

In the infrared range, CO will not cause any noticeable 
absorption problems. Carbon dioxide shows strong absorption 
peaks at 2.8, 4.3, and 15 pm, which will reach values of 35 
percent absorption for the anticipated column density. 

Condensation of the carbon oxides on critical optical surfaces 
is not possible except on the cryogenically-cooled infrared 
telescope. 

e. Sodium and Potassium - The fuel used in the RCS engines 
may include sodium and potassium in "trace" concentrations, 
approximately 100 parts per million. 

The effect of absorption at the sodium and potassium resonance 
wavelengths is virtually complete (total absorption) in a continuum 
if the supposed concentrations are correct. The supposed cloud 
concentration of sodium would hinder meaningful observations of 
the solar sodium D-lines, as well as observations of the sodium 
airglow emission layer, if Doppler line shifts are neglected. The 
Doppler shift (AA/A=v/c) for a relative velocity equal to the orbital 

q O 

velocity (=7.5xlO' J cm/sec) is about 0.15 A. The full-width half- 

0 O 

maximum of the NaA5890 A line is about 0.03 A at 1200° K, and, so, 
one would assume that the shift is sufficient to prevent attenua- 
tion of the emission line of a source such as the airglow layer, 
but that the removal of radiation from a continuum would still 
occur at the shifted wavelength. However, for this relative mo- 
tion with respect to the sun, the shifted absorption line would 
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still fall well within the Fraunhofer D line (FWHM*1A) . There 

could also be the situation where the relative velocity of the 
cloud and the source is small, causing serious absorption to 
occur at line center. 

It is realized that the potential targets of Astronomy 
Sortie Missions include sources other than the sun or the earth's 
airglow. The problems that could be caused by absorption in the 
spacecraft cloud apply to those sources as well as the sun and 
the airglow. The spectral characteristics of the source being 
investigated should be considered, with respect to each experiment 
objective, for cloud perturbations of that spectrum. 

Because of the sharpness of the spacecraft cloud absorption 
lines, the possibility of the use of certain strong absorption 
lines (such as the Na D-lines) as a wavelength calibration when 
viewing a source having emission (either line or continuum) in 
the region of the cloud line might be considered. 

f • Droplets and Granules - Some of the material emitted 
with the RCS exhaust is expected to be in droplet or granule 
form. The free carbon resulting from incomplete propellant com- 
bustion has a tendancy to cluster or aggregate into granules. 

The interior surfaces of the RCS thruster nozzles will show a 
tendency to ablate, releasing small particles of solid material 
(mostly ceramics), and the fraction of the liquid propellants 
that does not burn at all at thruster startup and shutoff will 
come out of the nozzle mostly in droplet form. 

These nongaseous forms will produce scattering of sunlight 
and scattering from other bright sources. Adhesion onto critical 
surfaces may also take place. We do not have enough detailed data 
concerning the RCS combustion process in small thrusters to allow 
a meaningful estimate of the importance of these residues as con- 
taminants. 


Since RCS thrusters may continue to be candidate devices for 
attitude control, it will be necessary to analyze and evaluate these 
possible effects to determine if and/or how they interfere with 
the Astronomy Sortie Missions scientific observations. 
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Ai.5. OTHER CONSIDERATIONS FOR RCS SYSTEMS 


Al.5.1. Temperature Range - A propellant for use in a 
reaction control system must possess a high degree of thermal 
stability. 

This is required to resist heat soak-back from the com- 
bustion chamber which can be especially acute due to the in- 
terrupted flow demand required in this type of application. 

During periods of no flow, inlet plumbing can become sufficiently 
hot to allow the propellants to be heated to relatively high 
temperatures. Care must be taken to insure that the propellant 
temperatures do not exceed the safe level. Vapor phase decom- 
position of hydrazine in particular may be hazardous . 

Al.5.2. Hazards - Most high performance propellants are 
toxic. Pure hydrazine forms detonatable vapors, which are high 
pressure gases that may also rupture bladders. In the Apollo 15 
flight, 6 pounds of hydrazine were dumped through a hot nozzle 
and caused a fire that burned parachute shrouds. 

Al.5.3. Materials Compatibility - Nitrogen tetroxide, 
especially, is rather incompatible with most elastomers; 
although recent bladder design has to a large degree circumvented 
this problem. 


Al.5.4. Handling and Maintainability - Most of the above 
considerations suggest a handling and maintenance problem. This 
is little different than that already existing for the ACPS , but 
will add some to the magnitude and complexity. 

Al.5.5. Reliability - Generally, hot gas bipropellant 
systems will be less reliable than monopropellant or cold gas 
systems. Hot gas control valves tend to be less reliable than 
cold gas valves, accumulators are required to stabilize the 
system, and of course, the bipropellant system has about twice 
as many components. 

Al.5.6. Hardware Interfaces - All reaction control systems 
will have direct interfaces with the orbital vehicle, which will 
affect the orbiter design and development. These will be mainly 
electrical and structural; although the inclusion of any stability 
augmentation system will create some operational interfaces. An 
RCS system mounted externally on the orbiter will require 
inclusion of devices in the orbiter design for ejection of the 
RCS pods prior to reentry. 
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APPENDIX A2 


INTERFACES AND SUPPORT HARDWARE 

Page 

introduction 

This appendix includes: 

List of abbreviations and acronyms; 

(2) Definition of preliminary operational concept and phrases, Figure 

2 . 2 - 1 ; 

3 

(3) List of personnel for PIC-MSFC transient crews; and 4 

(4) Events sequences and resource requirements data sheets for each of 
the program operational phases. 


(5) 


Space astronomy control facility functions and resources 
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ABBREVIATIONS AND ACRONYMS 


ITEM 


ABBREVIATION 
OR ACRONYM 


Cargo Lift Trailer (Used with Guppy) 

Environmental Cover and Control Unit 
(Covers and Protects SL and Pallet) 

Guppy Payload Pallet (Supports payload in Guppy) 

Payload Carrier Processing Facility 

(Orbiter and payload processing area at Launch or 
Landing Site) 

Payload Environmental Supply Unit 

(Provides atmosphere to payload in orbiter cargo bay) 

Payload Integration Center - MSFC 

Payload Processing Facility (Receiving, assembly and 
inspection building at Launch or Landing Site) 

Payload Processing Facility - MSFC 

(Multi room building housing cleanrooms) 

Payload Transfer Dolly 

Payload Transportation Fixture 

Principal Investigator 

Product Integrity Engineer 

Shuttle Maintenance and Checkout Facility 

(Launch Site cleanroom with airlock for maintaining 
the Shuttle orbiter) 

Sortie Lab 

Space Astronomy Control Facility 


CL Trailer 
ECCU 


PCPF-LS 

PESU 

PIC-MSFC 

PPF-LS 

PPF-MSFC 

PT Dolly 
PT Fixture 
PI 
PIE 

MCF-LS 

SL 

SACF 


2 
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PIC-MSFC TRANSIENT CREW 


The ?ayload Integration Center - MSFC transient crew includes the following 
personnel : 

1 Product Integrity Engineer (PIE) 

2 Quality control engineers 

1 ECCU Specialist 

2 SL Pallet Engineers 

2 SL Pallet Technicians 

3 Scientists 

3° Experiment Technicians 

PIC-MSFC TRANSIENT GUPPY SUPPORT CREW „ 

The PIC-MSFC crew to support the payload during loading in the Super Guppy 
aircraft, flight, and offloading includes the following personnel: 

1 PIC 

1 QC Engineer 
1 ECCU Specialist 
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PHASE I - Pack, Ship, Deliver to Launch Site 


Scope : 


Pack refurbished and serviced payload at the PIC (MSFC) , transfer to 
the Shuttle Launch Site, and deliver to the Launch Site payload processing 
facility. 

Duration: 


42 hours 
Facilities : 

Payload Processing Facility - MSFC 
Airlock 

Payload Assembly Area 
MSFC Airport 
Launch Site Airport 


Payload Processing Facility - Launch Site 
Airlock 
Clean Area 
Manpower : 

14 PIC (MSFC) Transient Crew 
3 PIC (MSFC) Transient Guppy Support Crew 
2 Crane Operators 
6 Handling Crew 
2 PPF-MSFC Facility Crew 
2 PPF-LS Facility Crew 
2 Tractor Operator (PT Dolly) 

2 Escort Vehicle drivers 


1 State Patrolman 
1 Tractor Operator (CL Trailer) 

1 Guppy Cargomaster 
3 Guppy Crew 

2 General Mechanics 
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port Equipment : 


1 FT Fixture 
1 ECCU 
1 PT Dolly 
1 Tractor (PT Dolly) 

1 Payload Lifting Sling Set 

1 Lo-Boy and Tractor, With Tiedowns 

2 Escort Vehicles 


1 State Patrol Escort Car 

2 13-Ton Portable Cranes 
1 CL Trailer 

1 Tractor (CL Trailer) 

1 Super Guppy Aircraft 

2 Ladders 

1 Cleaning Supplies Set 
4 Work Stands 
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EVERTS SEQUENCE AND RESOURCE REQUIREMENTS 
raASE I 

FUNCTION DURATION FACILITIES 


NO. 


A. Install ECCU, purge and stabilize, 8 hours 

using facility supplies 


B. Place payload on PT Dolly, move 2 hours 

into airlock and activate ECCU 


C. Lift payload from PT Dolly, 3 hours 

place on Lo-Boy and tie down 


D. Transport payload to Super Guppy 4 hours 

aircraft at MSFC airport 


B. Place Gappy Payload Pallet 3 hours 

on CL Trailer; lift payload 
from Lo-Boy and place on 
Pallet 


P. Load payload into Super Guppy 3 hours 

aircraft and secure, and connect 
payload to Guppy support 


Payload assembly area of 14 

PPF-MSFC 2 

6 

2 

Payload assembly area of 14 

PPF-KFC and airlock of 2 

Pff-WFC 6 

2 

2 

Airlock of PPP-JSFC 14 


2 

6 

2 

2 

2 

None 2 

3 

6 

2 

1 

J6PC airport 1 

2 

3 

2 

6 

1 

2 

MSFC airport 1 

6 

1 

2 


G. Fly payload from MSFC airport to 4 hours 

launch site airport 


3 

3 


B. Prepare to unload payload (lncludee 3 hours LS airport 

visual check, review of ECCU 
recorded data and disconnect of 
payload from Guppy support) 


1 

2 


MANPOWER 


PIC-MSFC transient crew 1 

Crane operators 1 

Handling crew 
PPP-MSFC facility crew 

PIC-MSFC transient crew 1 

Crane operators 1 

Handling crew 1 

Tractor operator (PT Dolly) 1 

PPP-16FC facility crew 1 

PIC-MSFC transient crew 1 

Crane operators 1 

Handling crew 1 

Tractor operator (Lo-Boy) 1 

Tractor operator (PT Dolly) 1 

PIY-MSFC facility crew 1 

Tractor operator (Lo-Boy) 1 

PIC-MSFC transient Guppy Support 2 

crew 1 

Handling crew 1 

Escort vehicle drivers 1 

State patrolman 

Guppy Cargomaster 1 

Tractor operator (Lo-Boy) 1 

PIC-MSFC transient Guppy Support 1 

crew 2 

Crane operators 1 

Handling crew 1 

Tractor operator (CL Trailer) 1 

General mechanics 1 

Guppy Cargomaster 1 

Handling crew 1 

Tractor operator (CL Trailer) 1 

General mechanics 1 

1 

PIC-MSFC transient Guppy Support 1 

crew 1 

Guppy Crew 1 

PIC-MSFC transient Gbppy Support 1 

crew i 

Guppy Cargomaster 2 

General mechanics 1 


PT Fixture 
ECCU 


PT Fixture 

ECCU 

PT Dolly 

Tractor (PT Dolly) 

Payload lifting sling set 

PT Fixture 
PT Dolly 
ECCU 

25 ton Lo-Boy and tractor, with tiedowns 
Tractor (PT Dolly) 

Payload lifting sling set 

25 ton Lo-Boy and tractor, with tiedowns 

Escort vehicles 

State patrol escort car 

PT Fixture 

ECCU' 


25 ton Lo-Boy and tractor, with tiedowns 

PT Fixture 

ECCU 

13 ton portable crane 

CL Trailer 

Tractor (CL Trailer) 

Super Guppy aircraft 
Payload lifting a ling set 

PT Fixture 
ECCU 

CL Trailer 
Tractor (CL Trailer) 

Super Guppy aircraft 

PT Fixture 
ECCU 

Super Guppy aircraft 

PT Fixture 

ECCU 

Ladders 

Super Guppy aircraft 
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EVENTS SEQUENCE AND RESOURCE REQUIREMENTS 
PHASE I (continued) 


FUNCTION 


DURATION FACILITIES 


MANPOWER 

SUPPORT EQUIPMENT 

SKILL 

NO. DESCRIPTION 


I. Unload payload from Super 2 hours Launch Site airport 

Guppy onto CL Trailer and 
activate ECCU 


J. Transfer payload to Lo-Boy and 2 hours Launch Site airport 

return Guppv Payload Pallet to 
aircraft 


X . Transfer payload on Lo-Boy into 4 hours Airlock of PPF-LS 

?PF -LS airlock, connect ECCU to 
facilities support 


L. Transfer payload from Lo-Boy to 4 hours Airlock and clean area 

PI Dolly, vipe down all exposed of PPF-LS 

surfaces, and move into clean 
area of PIT -LS 


1 Guppy Cargomaster 

6 Handling crew 

1 Tractor operator (CL Trailer) 

3 PIC-MSFC transient Guppy Support 

crew 

2 General mechanics 

1 Guppy Cargomaster 

6 Handling crew 

3 PIC-MSFC transient Guppy Support 
crew 

2 Crane operators 

1 Tractor operator (CL Trailer) 

2 Tractor operators (Lo-Boy) 

2 General mechanics 

2 Tractor operators (Lo-Boy) 

6 Handling crew 

2 Escort vehicle drivers 

14 PlC-hBFC transient crew 

2 Facility crew 

2 Crane Operators 

6 Handling crew 

2 Tractor operators 

14 PIC-MSFC transient crew 

2 Facility crew 

2 Tractor operator (PT Dolly) 


1 FT Fixture 

1 ECCU 

1 CL Trailer 

1 Tractor (CL Trailer) 

1 Super Guppy aircraft 


1 PT Fixture 

1 ECCU 

1 CL Trailer 

1 Tractor (CL Trailer) 

1 Super Guppy aircraft 

13 ton portable cranes 

1 25 ton Lo-Boy and tractor, with tiedowns 

1 Payload lifting sling set 

1 PT Fixture 

1 ECCU 

1 25 ton Lo-Boy and tractor, with tiedowns 

2 Escort vehicles 


I PT Fixture 

1 ECCU 

1 25 ton Lo-Boy and tractor, with tiedowns 

1 PT Dolly 

1 Tractor (PT Dolly) 

4 Uork stands 

1 Cleaning’ supplies set 

1 Payload lifting sling set 



PHASE II - Receipt-to-Launch at Launch Site 


Scope ; 

Perform receiving inspection of payload at the Launch Site payload 
processing facility, verifying environments encountered, status of operating 
systems, and installing (and verifying) items that were not integrated at 
the PIC (MSFC) . The flight-ready payload is installed in the orbiter, 
installation is verified, and monitored during orbiter prelaunch operations. 
Final servicing is performed on-pad during the pre-countdown period. The 
last operation is launch. 

Duration : 

190 hours 
Facilities : 

Payload Processing Facility - Launch Site 
Airlock 
Clean Area 

Payload Carrier Processing Facility - Launch Site 
Airlock 
Clean area 
Shuttle Launch Pad 
Manpower : 

14 PIC -MSFC Transient Crew 
2 PPF-LS Facility Crew 
2 Crane Operators 
6 Handling Crew 
2 PI 

2 Cryogenics servicemen 
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b-s .rp ntrar ; (Continued) 

2 Tractor Operators (PT Dolly) 

2 Escort Vehicle Drivers 
2 PCPF-LS Facility Crew 
6 Payload Installation Technicians 
4 Orbiter Electrical Technicians 
4 Orbiter Mechanical Technicians 
1 PESU Specialist 

£ nrmrwf- EC U iDElSIlt • 

1 PT Fixture 
1 PT Dolly 

6 Work Stands and Platform 
1 ECCU 

1 ECCU Lifting Sling Set 
1 Cryogenics Servicing Unit 
1 Battery Handling Equipment 
1 Checkout Console 

1 Tractor (PT Dolly) 

2 Escort Vehicles 

1 Cleaning Supplies 
1 Payload Lifting Slings 
1 PESU 
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2VBHTS SEQUENCE AND RESOURCE REQUIREMENTS 
PHASE II 



FUNCTION 

DURATION 

FACILITIES 


MANPOWER 


SUPPORT EQUIPMENT 





NO. 

SKILL 

NO. 

DESCRIPTION 

A. 

Review and interpretation of 

4 hours 

Clean area of PPF-LS 

14 

PIC-M5FC transient crew 

1 

PT Fixture 


ECCU recorded data 



2 

PPF-LS Facility crew 

1 

PT Dolly 







1 

Work stand 







1 

ECCU 

B. 

Stabilize Pff-LS aa 

8 hoars 

Clean area of PPF-LS 

14 

PIC-MSFC transient crew 

1 

PT Fixture 


100,000 clean room 

(Starts at 


2 

PFF-IS Facility crew 

1 

PT Dolly 



beginning) 




1 

ECCU 



of A 






C. 

Beam ECCU; perform 

16 hours 

Clean area of PPF-LS 

14 

PIC-JCFC transient crew 

1 

PT Fixture 

% 

receiving Inspection 



2 

Crane operators 

1 

PT Dolly 





6 

Handling crew 

1 

ECCU 





2 

PPF-LS Facility crew 

6 

Work stands and platform 





1 

PI 

1 

ECCU lifting sling set 

D. 

Service Ganna -Ray detector 

4 hours 

Clean area of PPF-LS 

14 

PIC-KSFC transient crew 

1 

PT Fixture 


Cryogenic cooling unit (on ECCU) 



2 

Cryogenics servicemen 

1 

PT Dolly 







1 

ECCU 







1 

Cryogenics Servicing Unit 

E. 

Install and secure ECCU and 

2 hours 

Clean area of PPF-LS 

14 

PIC-16FC transient crew 

1 

PT Fixture 


connect to facilities support 



2 

Crane operators 

1 

PT Dolly 





6 

Handling crew 

1 

ECCU 







1 

ECCU lifting sling set 

F. 

Install flight batteries In SL 

4 hours 

Clean area of PPF-LS 

14 

PIC-KSFC transient crew 

1 

PT Fixture 







1 

PT Dolly 







1 

ECCU 







1 

Battery handling equipment 

G. 

Verify flight battery Installation, 

3 hours 

Clean area of PPF-LS 

14 

PIC-KSFC transient crew 

1 

PT Fixture 


verify readiness to oate payload 





1 

PT Dolly 


with arbiter 





1 

ECCU 







1 

Checkout console 

H. 

Hove payload on PT Dolly into 

5 hours 

Airlock and clean area of 

14 

PIC-1CFC transient crew 

1 

PT Fixture 


F7-LS airlock, disconnect ECCU 


PIT-LS , and airlock and 

2 

Tractor operator (PT Dolly) 

1 

PT Dolly 


facilities support, move to FCW-LS 


clean area of PCCT-LS 

2 

Escort vehicle drivers 

1 

ECCU 


airlock, connect ECCU to facilities 



6 

Handling crew 

1 

Tractor (PT Dolly) 


support, wipe down all exposed surfaces, 



2 

PIT -15 Facility crew 

2 

Escort vehicles 


and move into clean area 



2 

PC IT -IS Facility crew 

4 

Work stands 







1 

Cleaning supplies 


EVENTS SEQUENCE AND RESOURCE REQUIREMENTS 
PHASE II (continued) 

FUNCTION DURATION FACILITIES 


I. Stabilize PCPF-LS as 8 hours Clean area of PCPF-LS 

100,000 clean room 


J. Remove ECCU, attach crane 
to payload, release payload 
from PT Fixture 


K. Install Payload in Orb iter - 

Structural mate and secure; 

Connect electrical and mechanical 
service lines to orbiter; 

Connect access tunnel to orbiter; 
Connect controls and displays in 
orbiter; 

Connect electrical and mechanical 
umbilicals; and 
Connect PESU 

L. Verify payload to orbiter interfaces - 

Hazard warning 

Data management and voice 

Control and Display 

Ground power 

Tunnel leak check 

Fluid oysters leak check 

M. Close orbiter payload bay doors, 
begin purge of bay, orbiter 
preparation, mate to booster, 
transfer to launch pad , mate to 
pad, preliminary checks 

N. Service Payload - 

High pressure gas systems 
Cryogenics systems 
Fuel coll service and activation 
Verify cryogenics refrigeration 
operation 


5 hours Clean area of PCPF-LS 


6 hours Clean area of PCPF-LS 


6 hours Clean area of PCPF-LS 


95 hours Airlock and clean area of 

PCPF-LS and Shuttle launch 
pad 


4 hours Shuttle launch pad 


0. Orbiter cabin closeout, countdown 24 hours Shuttle launch pad 

preparation, countdown 


MANPOWER 


NO. SKILL 

14 PIC-MSFC transient crew 

2 Facility crew 

14 PIC-MSFC transient crew 

2 Crane operators 
6 Handling crew 


14 PIC-MSFC transient crew 

2 Crane operators 

6 Handling crew 

6 Payload Installation technicians 

4 Orbiter electrical technicians 

1 PESU specialist 

4 Orbiter mechanical technicians 


NO, 

1 

1 

1 

1 

1 

1 

4 

1 

l 

1 

4 

1 


14 PIC-MSFC transient crew 1 

2 Crane operators 1 

6 Handling crpw 

6 Payload installation technicians 

4 Orbiter electrical technicians 

4 Orbiter mechanical technicians 

1 PESU specialist 

14 PIC-MSFC transient crew 1 

4 Orbiter electrical technicians 

4 Orbiter mechanical technicians 

1 PESU specialist 

2 PI 

14 PIC-MSFC transient crew 1 

4 Orbiter electrical technicians 

4 Orbiter mechanical technicians 

1 PESU specialist 

2 PI 


14 PIC-MSFC transient crew 1 

4 Orbiter electrical technicians 

4 Orbiter mechanical technicians 

1 PESU specialist 

2 PI 


P. Launch 


SUPPORT EQUIPMENT 

DESCRIPTION 

PT Fixture 
PT Dolly 
ECCU 

PT Fixture 
PT Dolly 
ECCU 

Work stands 

ECCU lifting sling set 

Payload lifting sling set 

Payload lifting slings 

Work stands 

PESU 


Checkout console 
PESU 


PESU 


PESU 


PESU 
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PHASE III - Ascent and orbital flight 


Scone : 

Begins with liftoff and includes all flight operations through 
preparation for deorbit. 

Duration : j 

168 hours 
Facilities : 

Space Astronomy Control Facility 
Offices 
Observatory 

Shuttle Mission Control (Payload Monitor Only) 

Landing Site (Mission Monitor) 

Manpower : 

Portion of Space Astronomy Control Facility personnel, scheduled in 
2 twelve hour shifts to provide continuous coverage of mission. 

1 Telescope PI 

1 Wide Coverage X-Ray Array PI 
1 Array PI 

9 Experiment specialists 
14 PIC-MSFC Transient Crew 
Support Equipment : 

Telephone voice and facsimile link between SACF and Shuttle Mission 
Control 


C. 
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E VENTS SEQUENCE AND RESOURCE REQUIREMENTS 
PHASE III 


FUNCTION 

A. Boost, insert, transfer, 
attitude stabilization 

B. SL checkout and crew ingress 

C. Payload inspection, deploy- 
ment and checkout 

D. Experimentation 

E. Payload shutdown and 
retract 

F. Secure SL and Pallet 

G. Checkout Orbiter 



DURATION 

FACILITIES 


MANPOWER 

SUPPORT EqUIPJCNT 


SOLAR 

Sill 

IR 


NO. 

SKILL 



2:30 

2:30 

2:30 

Shuttle Mission Control 
(Payload Monitor Only) 
LS Monitor 





1:00 

1;14 

1:00 

Shuttle Mission Control 
(Payload Monitor Only) 
LS Monitor 





3:51 

2:14 

t :30 

Shuttle Mission Control 
Space Astronomy Control 
Facility 
15 Monitor 

1 

1 

1 

9 

Telescope PI 

Wide coverage X-Ray array PI 
Array PI 

Equipment specialists 

Te lephope voice and facsimile link 
SACF and Shuttle Mission Control 

between 

154:29 

155:27 

151:35 

Shuttle Mission Control 
Space Astronomy Control 
Pacllity 
15 Monitor 

2 

Twelve hour shift support by 
9 Experiment specialists and 
3 Pis 

Telephone voice and facsimile link 
SACF and Shuttle Mission Control 

between 

2:47 

3:14 

2:50 

Shuttle Mission Control 
Space Astronomy Control 
Facility 

2 

Twelve hour shift support by 
9 Experiment specialists and 
3 Pis 

Telephone voice and facsimile link 
SACF and Shuttle Mission Control 

between 

:32 

:32 

:32 

Shuttle Mission Control 
Landing Site 

2 

Twelve hour shift support by 
9 Experiment specialists and 
3 Pis 

Telephone voice and facsimile link 
SACF and Shuttle Mission Control 

between 

1:00 

1:00 

1 :00 


_ _ 






PHASE IV - Deorbit, safe, and remove payload, inspect and service payload 
Scope : 

Begins after the payload is secured and the orbiter is checked out 
with initiation of deorbit. Includes descent flight, landing of the orbiter, 
and safing and inspecting of the orbiter at the landing site. Transfer from 
the landing site to the payload carrier processing facility and processing 
through the airlock into the clean area is performed with the payload in the 
orbiter. 

In the cleanroom, the orbiter cargo bay doors are opened, the payload 
is removed and placed on the PT Fixture which is located on the PT Dolly, 
and the ECCU is installed. The payload is then transferred to the landing 
site payload processing facility for inspection, data tape and film removal, 
and battery removal. 

Duration : 

42 hours 
Facilities : 

Shuttle Mission Control (Payload Monitor Only) 

Landing Site 

Payload Carrier Processing Facility-Landing Site 
Airlock 
Clean area 

Payload Processing Facility-Landing Site 
Airlock 
Clean Area 
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14 PXC-MSFC Transient Crew 
2 PCFF-LS Facility Crew 
2 Crane Operators 
6 Handling Crew 
- Orbiter Ground Crex* 

2 Tractor Operator (PT Dolly) 

2 Escort Vehicle Drivers 
2 PPF-LS Facility Crew 
Support Equipment : 

1 PESU 
1 PT Fixture 
1 PT Dolly 
1 ECCU 

1 ECCU Lifting Sling Set 
4 Work Stands 

1 Tractor (PT Dolly) 

2 Escort Vehicles 

1 Cleaning Supplies 

1 Guide Rail Set (for payload removal) 
1 Battery Handling Equipment 
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E VERTS SEQUENCE AND RESOURCE REQUIREMENTS 
PHASE IV 


FUNCTION 

DURATION 

FACILITIES 


MANPOWER 





NO. 

SKILL 

NO, 

A. Initiate deorbit, descend. 

1 hour 

Shuttle Mission Control 




and land orb iter 


Landing Site 




B. Safe, inspect, service, connect 

13 hours 

Landing Site Airlock of 

- 

Orbiter ground crew 

1 

PESU, and transfer orb iter to 


PCPP-LS and clean area 

- 

Facility crew 


PCEP-LS, process or biter through 


of PCPP-LS 

14 

PIC-16FC transient crew 


airlock and wove into clean area 






C. Service ECCU 

3 hours 

Airlock of PCPP-LS 

14 

PIC-MSFC transient crew 

1 


(Simultan- 


2 

Facility crew 

1 


eous with 


2 

Crane operators 

1 


B) 


6 

Handling crew 

1 

D, Disconnect payload from orbiter 

2 hours 

Clean area of PCPP-LS 

14 

PIC-MSFC transient crew 

4 

and switch to facility supplies. 



2 

Facility crew 


open and secure payload bay doors 



“ 

Orbiter ground crew 


E. Visual inspection of payload 

1 hour 

Clean area of PCff-LS 

14 

PIC-MSFC transient crew 

4 




■ 

Orbiter ground crew 


F. Rewe payload from orbiter bay 

2 hours 

Clean area of PCIF-LS 

14 

PIC-MSFC transient crew 

1 

and place on PT Fixture located 



2 

Facility crew 

1 

on PT Dolly 



- 

Orbiter ground crew 

1 




6 

Handling crew 

4 




2 

Crane operators 

1 




2 

Tractor operators (PT Dolly) 


G. Install and secure ECCO 

2 hours 

Clean area of FCFF-LS 

14 

PIC-MSFC transient crew 

1 




2 

Facility crew 

1 




6 

Handling crew 

1 




2 

Crane operators 

1 




2 

Trsctor operators (PT Dolly) 

1 

H. Move payload or FT Dolly into 

5 hours 

Clean area of FCIF-15 

14 

PIC-MSFC transient crew 

1 

FCFF-LS airlock, wove to PIF-LS 


Airlock of PCIF-LS 

2 

Tractor operator (FT Dolly) 

1 

airlock, wipe deem all exposed 


Airlock of PIF-LS 

2 

Escort vehicle drivers 

1 

surfaces, and eove Into clean 


Clean area of FIF-U 

2 

FCFF-LS Facility crew 

1 

area of FFF-U 



2 

PIF-LS Facility crew 

2 




6 

Handling crew 

4 

1 

I. Rewove ECCU, rewove payload film and 

16 hours 

Clean area of PPF-LS 

14 

PIC-MSFC transient crew 

l 

tape, rewove flight batteries, Inspect 



2 

Trsctor operator (PT Dolly) 

1 

SKK, pallet, and experlwents 



2 

PIF-LS Facility crew 

1 




6 

Handling crew 

l 




2 

PI 

4 

1 

1 


SUPPORT EQUIPMENT 
DESCRIPTION 


PESU 


ECCU 

PT Fixture 
PT Dolly 

ECCU lifting sling set 
Work stands 


Work stands 


PT Fixture 
PT Dolly 

Tractor (PT Dolly) 

Work stands 

Guide rail set (for payload 


PT Fixture 
PT Dolly 

Tractor (PT Dolly) 

ECCU 

ECCU lifting sling set 

PT Fixture 
PT Dolly 
ECCU 

Tractor (PT Dolly) 

Escort vehicles 
Work stands 
Cleaning supplies 

PT Fixture 
PT Dolly 
ECCU 

Tractor (PT Dolly) 

Work stands 

ECCU lifting sling set 

Battery handling equipment 



PK.'-di v - Pack, ship, deliver to PIC (MSFC) 

s f , 0 *2 £ 

Pack returned payload at the PFF-LS, transfer to MSFC, and deliver 
to the MSFC payload processing facility. 

Duration : 

34 hours 
Facilities : 

Payload Processing Facility-Landing Site 
Airlock 
Clean area 

Landing Site Airport ^ 

MSFC Airport 

Payload Processing Facility - MSFC 
Airlock 
Assembly Bay 
Manpower : 

14 PIC -MSFC Transient Crew 
3 PIC -MSFC Transient Guppy Support Crew 
2 Crane Operators 
6 Handling Crew 
2 PPF-MSFC Facility Crew 
2 PPF-LS Facility Crew 
2 Tractor Operator (PT Dolly) 

2 Tractor Operator (Lo-Boy) 

2 Escort Vehicle Drivers 
1 State Patrolman 
1 Tractor Operator (CL Trailer) 
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Manpower : (continued) 

1 Guppy Cargomaster 

3 Guppy Crew 

2 General Mechanics 
Support Equipment : 

1 PT Fixture 
1 ECCU 
1 PT Dolly 
1 Tractor (PT Dolly) 

1 Payload lifting sling set 

1 Lo-Boy and tractor, with tiedowns 

2 Escort vehicles 

1 State Patrol Escort 

2 13 -Ton Portable Cranes 
1 CL Trailer 

1 Tractor (CL Trailer) 

1 Super Guppy aircraft 

2 Ladders 

1 Cleaning Supplies Set 

4 Work Stands 
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EVENTS SEQUENCE AND RESOURCE REQUIREMENTS 
PHASE V 


FUNCTION 


A. Service ECCU 


B. Install and secure ECCU 


C. Move payload into airlock 
activate ECCU, and load 
onto Lo-Boy 


D. Transport payload to Super 
Guppy aircraft at airport 


E. Place Guppy Payload Pallet on 
CL Trailer, place payload on 
pallet and secure 


F. Load payload Into Super Guppy 
and secure, attach ECCU to 
Guppy services 


G. Fly payload from Landing Site 
to PIC-HSFC 


DURATION FACILITIES 


3 hours Airlock of PPF-I3 

(s imultan- 
eous opera- 
tion - com- 
plete at 
start of B) 

2 hours Clean area of PST-LS 


3 hours Airlock of PPF-LS 


4 hours Landing Site airport 


3 hours Landing Site airport 


3 hours Landing Site airport 


4 hours Landing Site airport 

K3FC airport 


MANPOWER 

NO. SKILL 

14 Pie-MSFC transient crew 

2 Crane operators 
6 Handling crev 
2 Tractor Operators (PT Dolly) 

2 Facility crev 


14 PIC-MSFC transient crev 
2 Crane operators 
6 Handling crev 
2 Tractor operators (PT Dolly) 


14 PIC-ICFC transient crev 

2 Crane operators 

6 Handling crev 

2 Tractor operators (PT Dolly) 

2 Facility crev 

2 Tractor crev (Lo-Boy) 

3 PIC-MSFC transient Guppy Support 
crev 

2 Tractor crev (Lo-Boy) 

2 Escort vehicle drivers 

3 PIC-MSFC tr ana lent Guppy Support 

crev 

2 Tractor crew (Lo-Boy) 

6 Handling crev 

1 Tractor operator (CL Trailer) 

1 Guppy Cargomaeter 

2 Crane operators 


3 PIC-ICFC transient Guppy Support 
crew 

6 Handling crew 
1 Tractor operator (CL Trailer) 

1 Guppy Cargomaster 

3 PIC-MSFC transient Guppy Support 
crew 

3 Guppy crew 


SUPPORT EQUIPMENT 

NO. DESCRIPTION 

1 PT Dolly 
1 Tractor (PT Dolly) 

1 ECCU 


1 ECCU lifting sling set 

1 PT Fixture 

1 PT Dolly 

1 ECCU 

4 Work stands 

1 Tractor (PT Dolly) 

1 PT Fixture 

1 PT Dolly 

1 Tractor (PT Dolly) 

1 ECCU 

1 25 ton Lo-Boy and tractor, with tiedowns 

1 Payload lifting aling set 

1 PT Fixture 

1 ECCU 

1 25 ton Lo-Boy and tractor, with tiedowns 

2 Escort vehicles 

1 PT Fixture 

1 ECCU 

1 25 ton Lo-Boy and tractor, with tiedowns 

2 13 ton portable cranes 

1 Payload lifting sling set 

1 CL Trailer 

1 Tractor (CL Trailer) 

1 Super Guppy aircraft 

1 PT Fixture 

1 ECCU 

1 CL Trailer 

1 Tractor (CL Trailer) 

1 Super Guppy aircraft 

1 PT Fixture 

1 ECCU 

1 Super Guppy aircraft 
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EVENTS SEQUENCE AND RESOURCE REQUIREMENTS 
^HASE V (continued) 


FUNCTION 


H. Prep, to unload payload 
(visual check, review of ECCU 
recorded data, and disconnect 
ECCU from Guppy services) 

I. Unload payload from Super Guppy 
onto CL Trailer and activate ECCU 


J. Transfer payload to Lo-B-'y, and 
return Guppy Payload Pallet to 
aircraft 


K. Transfer payload, on Lo-Boy 
into PIT -MSFC airlock, connect 
ECCU to facilities support 


L. Transfer payload from Lo-Boy to 
PT Lolly, wipe down all exposed 
surfaces, move into clean area of 
PPP-MSFC, and place payload on 
floor pads 


DURATION FACILITIES 


3 hours MSFC airport 


2 hours MSFC airport 


2 hours MSFC airport 


4 hours Airlock of PIT-M3FC 


4 hours Airlock of PIT -MSFC and 

Assembly Bay of PPF-MSFC 


MANPOWER 

NO. SKILL 

3 PIC -MSFC transient Guppy Support 

crew 

1 Guppy Cargomaster 

2 General mechanics 

3 PIC-MSFC transient Guppy Support 
crew 

1 Guppy Cargomaster 

6 Handling crew 

1 Tractor operator (CL Trailer) 

1 Guppy Cargomaster 

6 Handling crew 

3 PIC-MSFC transient Guppy Support 

crew 

2 Crane operators 

1 Tractor operator (CL Trailer) 

2 Tractor operators (Lo-Boy) 


2 Tractor operator (Lo-Boy) 

3 PIC-MSFC transient Guppy Support 
crew 

2 Escort vehicle drivers 

2 Facility crew 

1 State patrolman 

2 Crane operators 

6 Handling crew 

2 Tractor operators (Lo-Boy) 

14 PIC-MSFC transient crew 

2 Facility crew 

2 Tractor operators (PT Dolly) 


SUPPORT EQUIPMENT 

NO. DESCRIPTION 

1 PT Fixture 

1 ECCU 

1 Super Guppy aircraft 

2 Ladders 

1 PT Fixture 

1 ECCU 

1 Super Guppy aircraft 

1 CL Trailer 

1 Tractor (CL Trailer) 

1 PT Fixture 

1 ECCU 

1 Super Guppy aircraft 

1 CL Trailer 

1 Tractor (CL Trailer) 

1 25 ton Lo-Boy and tractor, with tiedowns 

2 13 ton portable cranes 

1 Payload lifting sling set 

1 PT Fixture 

1 ECCU 

1 25 ton Lo-Boy 

2 Escort vehicles 

1 State Patrol escort car 


1 PT Fixture 

1 ECCU 

1 25 ton Lo-Boy and tractor, with tiedowns 

1 PT Dolly 

1 Tractor (PT Dolly) 

4 Work stands 

1 Cleaning supplies set 

1 Payload lifting sling set 
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VI - Refurbish, integrate, and service payload at the Payload 
Integration Center (MSFC) 


Scope ; 

With the payload on the payload transportation fixture protected by 
the ECCU and located in the assembly bay of the Payload Processing 
Facility at MSFC, the assembly bay is stabilized as a class 100,000 clean- 
room. The ECCU is removed and the telescopes and arrays are removed and 
taken to individual refurbishment rooms. Subsystem components of the SL 
and Pallet are removed, serviced, modified and replaced. 

When the SL and Pallet are ready to receive new telescopes and arrays, 
the flight units are installed and verified. Finally, the integrated pay- 
load is exercised in a combined systems test, completion of which constitutes 
readiness for flight. 

Throughout Phase VI, responsible engineers and scientists at the MSFC 
Payload Integration Center prepare and revise mission program and individual 
experiment flight plans. Further, flight crews are trained (using simulators, 
spares, and training aid devices) throughout this phase. 

Duration ; 

135 hours 
Facilities : 

Payload Processing Facility - MSFC 
Assembly Bay 

Individual Refurbishment and Rooms 
Simulator and Crew Training Facility 
Space Astronomy Control Facility (Planning) 

Launch Site (Planning) 

Mission Control Center (Planning) 
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kiasy oot-Ter; 


14 PIC-MSFC Transient Crew 
1 Telescope Team, having: 

1 Telescope Engineer 
5 Telescope Technicians 
1 Array Team, having: 

1 Array Engineer 

5 Array Technicians 

1 SL Pallet Team, having: 

1 SL Pallet Engineer 
4 SL Technicians 

PIC Ground Support Personnel: (Portion) 

2 Crane Operators 

6 Handling Crew 
2 Facility Crew 

2 Tractor Operators (PT Dolly) 

- Tractor Operator (Lo-Boy) 

- Electric Tractor Operator 
Instruction and Planning Personnel: 

2 Telescope Operation Instructors 
2 Array Operation Instructors 

2 Simulator Instructors 

3 Mission Planning Specialists 
1 Planning Supervisor 

1 Telescope PI 

1 Array PI 

2 Flight Experiment Trainees 
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Sup £■ o £u Equipment % 

1 FT Fixture 
1 FT Dolly 
1 ECCU 

1 ECCU Lifting Sling Set 
6 Work Stands 

10 Work Tables 

2 Polaroid Cameras 

1 Ground Cooling Set 
4 Payload Mounting Locks 
4 Cable Slings 
1 Telescope Handling Dolly 
1 Array Handling Dolly 

1 Electric Tractor 

2 Video Tape Recorders 

2 Instrumentation Tape Recorders 
2 Digital Processing Consoles 
2 Electronic Test Sets 
2 Optical Alginment Test Sets 
1 Pallet Payload Simulator 
1 Computer and Peripheral Equipment 
1 Reproduction Equipment 
4 Portable Hoists 
4 Push-Cart Dollies 
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MANPOWER 

NO. SKILL 

14 PIC-H5FC Transient crew 

2 Facility crew 

14 PIC-ICFC Transient crew 

2 Crane operators 

6 Handling crew 

14 PIC Transient crew 

1 Telescope PI 

1 Array PI 

1 Telescope Team Having: 

1 Telescope engineer 
5 Telescope technicians 
1 Array Team Having: 

1 Aar ay engineer 
5 Array technicians 

14 PIC' Transient crew 

1 Telescope team 

1 Array team 



1 PT Fixture 

1 PT Dolly 

1 ECCU 


1 PT Fixture 

1 PT Dolly 

1 ECCU 

1 ECCU lifting sling set 


1 Detailed telescope check list 

1 Detailed array check list 

2 Polaroid cameras 

6 Work stands 

10 Work tables 


6 Work stands 

1 Ground cooling set 

4 Payload mounting locks 


14 PIC Transient crew 4 Cable slings 

1 Telescope PI 2 Work stands 

1 Telescope team 1 Telescope handling dolly 


14 PTC Transient crew 

1 Array terns 

2 Crane operators 

1 Array PI 

1 * . Array team 

1 Telescope teem 

1 '' Electric tractor oparator 


4 Cabla slings 

2 Work stands 

1 Array handling dolly 


1 Array handling dolly 

1 Telescope handling dolly 

1 Electric tractor 
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EVENTS SEQUENCE AND RESOURCE REQUIREMENTS 
PHASE VI (cont inued ) 



FUNCTION 

DURATION 

FACILITIES 


MANPOWER 






NO. 

SKILL 

NO 

I. 

Remove subsystem payload 

20 hours 

PIT-JCFC Assembly Eav 

14 

PIC Transient crew 



peculiar components from 



1 

Telescope team 

4 


pallet and SL (failed; 



1 

Array team 

4 


life-limited; to be updated) 



1 

SL team 






1 

SL engineer 






4 

SL technicians 


J. 

Replacement of subsystem payload 

30 hours 

PFF-M3FC Assembly Bay 

14 

PIC Transient crew 

4 


peculiar components for new pay- 



1 

Telescope team 



load on pallet and SL 



1 

Array team 

4 





1 

SL team 


K. 

Move new telescope and array 

2 hours 

Payload refurbishment 

1 

Telescope team 

1 


payloads from individual 


rooms in PIY-J6FC 

1 

Array team 

1 


refurbishment rooms to assembly 


PIY-ICFC Assembly Bav 

1 

Electric tractor operator 

1 


bay 






L. 

Install telescope payload in mount 

16 hours 

PPF->EFC Assembly Bay 

X4 

PIC Transient crew ' 






1 

Telescope PI 

: 





; 

Telescope team 

- 

M. 

Install array payload in mount 

10 hours 

PPF-MSFC Assembly Bay 

14 

PIC Transient crew 






1 

Array PI 






1 

Array team 

- 

N. 

Perform CST after removal of 

22 hours 

PPF -MSEC Assembly Bav 

; 4 

PIC Transient crew 



payload mounting physical locks 



1 

Telescope PI 






1 

Telescope team 

2 





1 

Array PI 

2 






Array team 

2 

0 . 

Train flight experiment crewmen 

Continuous 

Simulator facility 


Telescope PI 




during re- 

PPF-MSFC 

1 

Array PI 

4C 



furbishment 


2 

Telescope operation instructors 




phase 


2 

Array operation instructors 






: 

Simulator operators 


P. 

Prepare integrated mission 

Continuous 

PIC-M5FC; Space Astronomy 

3 

Mission planning specialists 

1 


program plan 

during re- 

control facility; Launch 

1 

Planning supervisor 

1 



furbishment 

Site; Mission Control 






phase 

Center 




Q. 

Prepare integrated experiment 

Continuous 

PIC-J6FC; Space Astronomv 

3 

Mission planning specialists 

1 


flight plan 

during re- 

control facility; Launch 

1 

Planning supervisor 

1 



furbishment 

Site: Mission Control 






phase 

Center 




R. 

Final inspection of integrated 

4 hours 

PPF ->KFC Assembly Bay 

14 

PIC Transient crew 

1 


payload 



1 

Telescope team 

1 





1 

Array team 

6 





1 

Telescope PI 

10 





1 

Array PI 

2 





2 

Flight experiment crew 



SUPPORT EQUIPMENT 

DESCRIPTION 

Portable hoists 
Push cart dollys 
Cable slings 


Portable hand operated hoists 
Push cart dollys 
Cable slings 


Telescope handling dolly 
Array handling dolly 
Electric tractor 


Cable slings 
Work stands 

Telescope handling dolly 

Cable slings 

Work stands 

Array handling dolly 

Video tape recorders 
Instrumentation tape recorder 
Digital processing consoles 
Electronic test sets 
Optical alignment test sets 

Pallet payload simulator 
Training and devices 


Computer and peripheral equipment 
Reproduction equipment 


Computer and peripheral equipment 
Reproduction equipment 


Detailed telescope check list 
Detailed array check list 
Work stands 
Work tables 
Polaroid cameras 
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;touts sequence AMD resource requirements 

mASE VI - H-Tl fFHOTOHELIOCKAPH'l 


A. Inspection of Payload 


PIT-MSFC individual 
refurbishment room 


Removal of particular (failed; 
life limited; updated) components 


PW-hEFC individual 
refurbishment room 


OPTIONAL ITEMS IF REQUIRED 


B-I Removal of mirrors for 
recoating 


PPF-ICFC individual 
refurbishment room 


B-2 Move mirrors to vacuum 
support facility 


PPF-MSFC individual 
refurbishment room 
and vacuum deposit 


B-3 Recoating of mirrors 

B-4 Move mirrors to refurbishment 


Vacuum deposit room 


PIT-MSFC individual 
refurbishment room 


B>5 Reinstall mirrors in instrumnt 


PPF-ICFC individual 
refurbishment room 


C. Replacement of particular components 15 hours 


PFF-HSPC individual 
refurbishment room 


D. Perform CST and return to refurbishment 30 hours 


PIT -MSFC vacuum chamber 
facility; sinwlator facility; 
optical support lab 


E. Inspection of payload 


PIT-MSFC individual 
refurbishment room 


F. Prep, for return to pallet mounting 


PPF-ICFC individual 
refurbishment room 



1 Telescope team 

1 Telescope PI 

1 Crane operator 

1 Electric tractor operator 

2 Facility technicians 


2 Mirror handling dolly 

1 5 ton overhead crane 

4 Cable slings 

2 Mirror handling dolly 

1 Electric tractor 


3 Vacuum deposit equipment operator 

1 Electric tractor operator 

2 Facility technicians 

1 Telescope team 

1 Telescope PI 

1 Crane operator 

1 Telescope team 

1 Telescope PI 


1 Telescope team 

1 Telescope PI 

1 Electric tractor operator 

1 Crane operator 

2 Vacuum chamber operators 

2 Optical lab technicians 

2 Simulator operators 


1 Telescope team 

1 Telescope PI 


1 Telescope team 

1 Telescope PI 

2 Facility technicians 


2 Mirror holding fixture 

2 Mirror handling dolly 

1 Electric tractor 

2 Mirror handling dolly 

1 5 ton overhead crane 

4 Cable slings 

2 Portable hand operated hoists 

2 Push cart dollys 

4 Cable slings 

1 Telescope handling dolly 

1 5 ton overhead crane 

4 Cable slings 

1 Laser interferometer in special case 

1 Video tape recorder 

1 Instrumentation recorder 

1 Monitoring and control console 
1 Optical test set 

1 Electronic test set 

1 Digital processing equipment 

1 Digital tape recorders 

1 Electrical tractor 

2 Work stands 

1 Detailed telescope Inspection check list 

1 Polaroid camera 

1 Telescope handling dolly 

1 Telescope handling dolly 

1 Protective cover 

1 Flight log and flight ready documents 
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EVE NTS SEQUENCE AND RESOURCE REQUIREMENTS 

PHASE VI - H-T2 QCUV SH G: X-RAY TEI£SCOPE AND ICOC) 




FUNCTION 


DURATION 

FACILITIES 


MANPOWER 


SUPPORT EQUIPMENT 








NO. 

SKILL 

NO. 

DESCRIPTION 

A. 

TnsDection of payload 


4 hours 


PPF-MSFC individual 

.1 

Telescope team chief 

4 

Work stands 







refurbishment room 

3 

Telescope Teams, Each Having: 

1 

Solar telescope package handling dolly 









1 Telescope engineer 

1 

Detailed telescope package inspection 









3 Telescope technicians 


check list 








3 

Telescope PI 

1 

Polaroid camera 

B. 

Dismantle package in'.o 3 major 


8 hours 


PPF-MSFC individual 

3 

Telescope teams 

3 

Telescope handling dollvs 


instruments 




refurbishment room 

1 

Telescope team chief 

1 

5 ton overhead crane 








3 

Telescope PI 

4 

Cable slings 








1 

Crane operator 

4 

Work stands 










1 

Solar telescope package handling dolly 




xuv 

X-RAY 

ICOC 






C. 

Removal of particular" (failed ; 

s.o 

12.0 

8.0 

PPF-MSFC individual 

3 

Telescope teams 

6 

Portable hand operated hoists 


1 i fe 

limited: to be updated) 




refurbishment room 

1 

Telescope team chief 

6 

Push cart dollvs 


components 





3 

Telescope PI 

6 

Cable slings 


OPTIONAL ITEMS IF REQUIRED 










C-l 

Remove mirror for recoating 

4.0 

20.0 

4.0 

PPF-MSFC individual 

1 

Telescope PI 

1 

Mirror handling dolly 







refurbishment room 

1 

Telescope team 




C-2 

Move mirror to vacuum 

4.0 

4.0 

4.0 

PPF-MSFC individual 

2 

Facility technicians 

1 

Mirror handling dolly 



deposit support facility 




refurbishment room and 











deposit room 






C-3 

Recoating of mirror 

24.0 

48.0 

12.0 

Vacuum deposit room 

3 

Vacuum deposit equipment operator 

1 

Mirror holding fixture 


C-4 

Move mirror to refurbish- 

4.0 

8.0 

2.0 

PPF-MSPC individual 

2 

Facility technicians 

1 

Mirror handling dolly 



ment room 




refurbishment room 






C-5 

Reinstall mirror in 

24.0 

48.0 

12.0 

PPF-MSFC individual 

1 

Telescope team 

1 

Mirror handling dolly 



instrument 




refurbishment room 

1 

Telescope PI 



D. 

Replacement of particular 

12.0 

18.0 

12.0 

PPF-tGFC individual 

3 

Telescope teams 

6 

Portable hand operated hoisto 


rrannonents 




refurbishment room 

1 

Telescope team chief 

6 

Push cart do Ilya 








3 

Telescope PI 

6 

Cable slings 

E. 

Re as senile 3 malor instruments into 

12 hours 

PPF-MSFC individual 

3 

Telescope teams 

4 

Work stands 


solar telescope oackaze 




refurbishment room 

1 

Telescope team chief 

1 

5 ton overhead crane 








3 

Telescope PI 

3 

Special telescope handling dolly 








1 

Crane operator 

1 

Solar telescope package handling dolly 










4 

Cable slings 
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EVENTS SEQUENCE AND RESOURCE REQUIREMENTS 
PSASE VI - F.-T2 (ccmt) 


F. Perform CST and return to 
refurbishment room 


PPF-MSFC simulator 
facility; optical 
support lab 


C. Inspection of payload 


PH?-KJFC individual 
refurbishment room 


Prep, for return to pallet mounting 


PW-MSFC individual 
refurbishment room 


MANPOWER 


NO. SKILL 

3 Telescope teams 

1 Telescope team chief 

3 Telescope PI 

1 Electric tractor operator 

1 Crane operator 

2 Simulator operators 

2 Opticaf lab technicians 


3 Telescope teams 

1 Telescope team chief 

3 Telescope PI 


3 Telescope team 

1 Telescope team chief 

3 Telescope PI 

2 Facility technicians 


NO. 

1 

1 

1 

4 

3 

3 

3 

3 

3 

3 

3 



Electric tractor 

Solar telescope package handling dolly 

5 ton overhead crane 

Cable slings 

Video tape recorded 

Instrumentation tape recorder 

Monitoring and control console 

Optical test set 

Electronic test set 

Digital processing equipment 

Digital tape recorder 


4 Work stands 

1 Solar telescope package handling dolly 

1 Detailed telescope package inspection 

check list 

1 Polaroid camera 


1 Solar telescope package handling dolly 

1 Protective cover 

1 Flight log and flight ready documents 
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EVENTS SEQUENCE AND RESOURCE REQUIREMENTS 
PHASE VI - H-T3 (STRATQSCOPE III) 


FUNCTION 

DURATION 

FACILITIES 


MANPOWER 


SUPPORT EQUIPMENT 




NO. 

SKILL 

NO. 

DESCRIPTION 

Inspection of payload 

4 hours 

PPF->BFC individual 

1 

Telescope Team Having: 

2 

Work stands 


refurbishment room 


1 Telescope engineer 

1 

Telescope handling dolly 





5 Telescope technicians 

1 

Detailed telescope inspection check list 




1 

Telescope PI 

1 

Polaroid camera 

Removal of particular ^failed; 

12 hours 

PPF-MSFC individual 

1 

Telescope team 

2 

Portable hand operated hoists 

life limited; to be updated) 


refurbishment room 

I 

Telescope PI 

2 

Push cart dollys" 

components 





4 

Cable slings 

OPTIONAL TTZXS IF REQUIRED 







B-l Removal of mirrors for recoating 

40 hours 

PPF-JCFC individual 

i 

Telescope team 

2 

Mirror handling dolly 



refurbishment room 

1 

Telescope PI 

1 

5 ton overhead crane 




1 

Crane operator 

4 

Cable slings 

B-2 Ifcve mirrors to vacuum deposit 

4 hours 

PPF-MSFC individual 

1 

Electric tractor operator 

T 

Mirror handling dolly 

support facility 


refurbishment room and 
vacuum deposit room 

2 

Facility technicians 

1 

Electric tractor 


B-3 Recoating of mirrors 

32 hours 

Vacuum deposit room 

3 

Vacuum deposit equipment operator 

2 

Mirror holding fixtures 

B-4 Move mirrors to refurbishment 

8 hours 

PPF-MSFC individual 

1 

Electric tractor operator 

: 

Mirror handling dolly 

room 


refurbishment room 

2 

Facility technicians 

l 

Electric tractor 

B-5 Reinstall mirrors in instrument 

60 hours 

PPF-MSFC individual 

1 

Telescope team 

2 

Mirror handling dolly 


c 

refurbishment room 

1 

Telescope PI 

1 

5 ton overhead crane 




1 

Crane operator 

4 

Cable slings 

Replacement of particular components 

15 hours 

PPF-FBFC individual 

1 

Telescope team 

2 

Portable hand operated hoists 



refurbishment room 

1 

Telescope. PI 

2 

Push cart dollys 






4 

Cable slings 

Perform CST and return to refurbishment 

40 hours 

Pff-MSFC simulator 

1 

Telescope team 

1 

Electric tractor 

room 


facility; optical 

1 

Telescope PI 

1 

Telescope handling dolly 



support lab 

1 

Electric tractor operator 

1 

5 ton overhead crane 




1 

Crane operator 

4 

Cable slings 




2 

Optical lab technicians 

1 

Video tape recorder 




2 

Simulator operators 

1 

Instrumentation tape recorder 






1 

Monitoring and control console 






1 

Optical test set 






1 

Electronic test set 






1 

Digital tape recorder 

Inspection of payload 

8 hours 

PPF-MSFC individual 

1 

Telescope team 

2 

Work stands 



refurbishment room 

1 

Telescope PI 

1 

Detailed telescope inspection check list 






1 

Polaroid camera 






1 

Telescope handling dolly 

Frcp. for return to pallet mounting 

4 hours 

ra-lCFC individual 

1 

Telescope team 

1 

Telescope handling dolly 



refurbishment room 

1 

Telescope PI 

1 

Protective cover 




2 

Facility technicians 

1 

Flight log and flight ready documents 
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A. Inspection of Payload 


4 hours PIY-M5FC individual 

refurbishment room 


Purging of cryogenic cooling 
shroud 

4 hours 

PPF-MSFC individual 
refurbishment room 

Removal of particular (failed; 
life limited; to be updated) 
components 

15 hours 

PPF-MSFC individual 
refurbishment room 

OPTIONAL ITEMS IF REQUIRED 

C-i Removal of mirrors for 
recoating 

40 hours 

PPF-MSFC individual 
refurbishment room 

C-2 Move mirrors to vacuum deposit 
facility 

4 hours 

PPF-MSFC individual 
refurbishment room and 
vacuum deposit room 

C-3 Recoating of mirrors 

32 hours 

Vacuum deposit room 

C-4 Move mirrors to refurbishment 
room 

8 hours 

PPF-MSFC individual 
refurbishment room 

C-5 Reinstall mirrors in instrument 

60 hours 

PPF-MSFC individual 
refurbishment room 

Replacement of particular components 

20 hours 

PPF-MSFC individual 
refurbishment room 

Perform CST and return to refurbishment 
room 

40 hours 

PPF-1CFC simulator 
facility; optical 
support lab 



3 Vacuum deposit equipment operator 


1 Electric tractor operator 

2 Facility technicians 

1 Telescope team 

1 Telescope PI 

l Crane operator 

1 Telescope team 

1 Telescope PI 


1 Telescope team 

1 Telescope PI 

l Electric tractor operator 

1 Crane operator 

2 Optical lab technicians 
2 Simulator operators 


2 Special mirror handling dolly 

1 Electric tractor 

2 Special mirror handling dolly 

1 Electric tractor 

1 5 ton overhead crane 

2 Special mirror handling doily 

4 Cable slings 

2 Portable hand operated hoists 

2 Push cart dollys 

4 Cable slings 

1 Electric tractor 

1 Special telescope handling dolly 

1 5 ton overhead crane 

4 Cable slings 

1 Facility cryogenic gas supply source 

1 Cryogenic gas supply line with valve 
1 Cryogenic gas exhaust line with valve 
1 Video tape recorder 

1 Instrumentation tape recorder 

1 Monitoring and control console 

1 Optical teat set 

1 Electronic test set 

1 Digital tape recorder 
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PHASE VI - H-T4 (ccmt) 


FUNCTION 


DURATION 


FACILITIES 


F. Inspection of Payload 8 hours PPF-ICFC simulator 

facility; optical 
support lab 

G. Prep. for return tr* Pol lot Krwnting 4 hours PIT-NBPC simulator 

facility; optical 
support lab 


MANPOWER 

NO. SKILL 

1 Telescope team 

1 Telescope PI 

1 Telescope team 



2 Work stands 

1 Special telescope handling dolly 

1 Detailed telescope Inspection check list 

1 Polaroid camera 


1 Special telescope handling dolly 

1 Protective cover 

1 Flight log and flight ready documents 
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VFmTS SEQUENCE AND RESOURCE REQUIREMENTS 
PHASE VI - H-Al CWIDE COVERAGE X-RAY DETECTOR) 


function 


A. Inspection of Payload 


B. Removal of particular (failed; 
life limited ; to be tipdated) 
co^xmenta 


C. Replacement of particular components 


D . Perform CST and return to 
refurbishment room 


E. Inspection of payload 


P. Prep, for return to pallet mounting 


DURATION FACILITIES 


4 hours PPF-«FC individual 

refurbishment room 


12 hours PIF-MSFC individual 

refurbishment room 


15 hours PW-M5FC individual 

refurbishment room 


24 hours PW-MSFC simulator 

facility; X-ray source 
calibration facility 


4 hours PPF-MSFC individual 

refurbishment room 


4 hours Pff-IBPC Individual 

refurbishment room 


MANPOWER 
NO. SKILL 

1 Array Team Having: 

1 Array engineer 
5 Array technicians 
1 Array PI 

1 Array team 

1 Array PI 


1 Array team 

1 Array PI 


1 Array team 

1 Array PI 

1 Electric tractor operator 

2 X-ray room technicians 
2 Simulator operators 


1 Array team 

1 Array PI 


1 Array team 

1 Array FI 

2 Facility technicians 


SUPPORT EQUIPMENT 
NO. DESCRIPTION 


1 Special array handling dolly 

4 Work stands 

1 Detailed array inspection check list 

1 Polaroid camera 

1 Special array handling dolly 

4 Work stands 

2 Portable hand operated hoists 

2 Push cart dollys 

4 Cable slings 

1 Special array handling dolly 

4 Work stands 

2 Portable hand operated hoists 

2 Push cart dollys 

4 Cable slings 

1 Special array handling dolly 

1 Electric tractor 

1 Instrumentation tape recorder 

1 Monitoring and control console 

1 Electronic test set 

1 Digital processing unit 

1 Digital tape recorder 

4 Work stands 

1 Special array handling doily 

1 Detailed array inspection check list 

1 Polaroid camera 

1 Special array handling dolly 

1 Protective cover 

1 Flight log and flight ready documents 
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EVENTS SEQUENCE AND RESOURCE REQUIREMENTS 

PHASE VI - H-A2 CNARRCW BAND SPECTROMETER/ POUKIMETER'I 



FUNCTION 

DURATION 

FACILITIES 


MANPOWER 


SUPPORT EQUIPMENT 





NO. 

SKILL 

NO. 

DESCRIPTION 

A. 

Inspection of payload 

4 hours 

PPF-ICFC individual 

1 

Array Team Having: 

1 

Array handling dolly 




refurbishment room 


1 Array engineer 

4 

Work stands 






5 Array technicians 

1 

Detailed array inspection check list 





1 

Array PI 

1 

Polaroid camera 

3. 

Gas purging and replenishment 

3 hours 

PPF-MSFC individual 

1 

Array team 

1 

Array handling dolly 


in sectored proportlsnal counters 


refurbishment room 

1 

Array PI 

4 

Work stands 







1 

Facility gas storage area 







1 

Gaa supply line 







1 

Gas exhaust line 

C. 

Removal of particular (failed; 

12 hours 

PPF-MSFC individual 

1 

Array team 

1 

Array handling dolly 


life limited; to be updated) 


refurbishment room 

1 

Array PI 

4 

Work stands 


components 





2 

Portable hand operated hoists 







4 

Cable slings 







2 

Push cart dollya 

D. 

Replacement of particular components 

15 hours 

PPF-1EFC individual 

1 

Array team 

1 

Array handling dolly 




refurbishment room 

1 

Array PI 

4 

Work stands 







2 

Portable hand operated helots 







4 

Cable slings 







2 

Puah cart dollys 

E. 

Perform CST and return to 

24 hours 

PPF-NSFC simulator 

1 

Array team 

1 

Array handling dolly 


refurbishment room 


facility; X-ray source 

1 

Array PI 

1 

Electric tractor 




calibration facility 

1 

Electric tractor operator 

1 

Instrumentation tape recorder 





2 

X-Ray room technician 

1 

Monitoring and control console 





2 

S insulator operator 

1 

Electronic test set 







1 

Digital processing unit 







1 

Digital tape recorder 

F . 

Inspection of payload 

4 hours 

PPF-K5PC individual 

1 

Array team 

4 

Work stands 




refurbishment room 

1 

Array PI 

1 

Array handling dolly 







1 

Detailed array inspection check list 







1 

Polaroid camera 

G. 

Prep, for return to pallet mounting 

4 hours 

PW-16FC Individual 

1 

Array team 

1 

Array handling dolly 




refurbishment room 

1 

Array PI 

1 

Protective cover 





2 

Facility technician 

1 

Flight log and flight ready documents 
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r'FJ iS sbqbkhce usm RzsaniCT. sEOuiREtews 

20 * £ VI - H ~ A3 (T-RAY S FECTROMiT SR AND LOW BACKCROIKD y -RAY QETECTOin 


F UNCTION 


DURATION FACILITIES 


MANPOWER 


SUPPORT EQUIPMENT 


NO. SKILL 


NO. DESCRIPTION 


Inspection of Payload 

4 hours 

PPP-MSPC individual 

1 

Array Team Having; 



refurbishment room and 


1 Array engineer 



controlled low humidity 


5 Array techniciano 



atmosphere 

1 

Array PI 


1 Array handling dolly 

4 Work stands 

1 Detailed array inspection check list 

1 Polaroid camera 


Removal of continuously cryo cooled 

4 hours 

PPP-*FC individual 

1 

Array team 

spectrometer detector unit and move- 


refurbishment room, 

1 

Array PI 

ment to cryogenic work room 


controlled low humidity 
atmosphere , and cryogenic 
work room 

1 

Facility technician 


1 Array handling dolly 

4 Work stands 

1 Portable hand operated hoist 

1 Cryogenic handling and movement cart 


C. Inspection, adjustment, calibration 24 houro Cryogenic work room 

of detector unit 


D. Removal of particular (failed; 
life limited; to be updatod) 
components 


PW-MSFC individual 
refurbishaent room 


E. Replacement of particular components 15 hours 


PPF-K5FC individual 
refurbishment room 


F. Installation of continuously cryo 4 hours 

cooled spectrometer detector unit 


PFF-MSFC individual 
refurbishment room 


G. Perform CST and return to 
refurbishment room 


24 hours PPP-JBFC simulator 

facility; T -Ray 
source calibration 
facility 


»L Inspection of payload 


4 hour® FIT-WFC Individual 

refurbishaent room 


I. Prep, for return to pallet mounting 4 hours FTT-ICFC tallvidual 

refurbishment room 


2 Facility technician 
1 Array PI 


1 Array team 

1 Array PI 


1 Array team 

1 Array PI 


1 Array team 

1 Array PI 

*1 Facility technician 


1 Array team 

1 Array PI 

1 Electric tractor operator 

2 J -Ray room technicians 

2 Simulator operators 

*1 Facility technician: 


1 Array team 

l Array PI 


1 Array team 

1 Array FI 

*2 Facility technician 


1 Cryogenic handling and movement cart 
1 Facility gas storage area 

1 Cryogenic gas supply line 

1 Cryogenic gas exhaust line 

1 Array handling dolly 

4 Work stande 

2 Portable hand operated hoist 

4 Cable sling 

2 Push cart dolly 

1 Array handling dolly 

4 Work stands 

2 Portable hand operated hoists 

4 Cable allnge 

2 Puch cart do Ilya 

1 Array handling dolly 

4 Work stands 

1 Portable hand operated hoist 

1 Cryogenic handling and movement cart 

1 Array handling dolly 

1 Electric tractor 

1 Instrumentation tape recorder 

1 Monitoring and control console 

1 Electronic teat set 

1 Digital procaaalng unit 

1 Digital tape recorder 

1 Array handling dolly 

4 Work atanda 

1 Detailed array inspection check list 

1 Polaroid caaara 

1 Array handling dolly 

1 Protective cover 

1 Flight log and flight reedy documents 

1 Cryogenic gea supply line 

rl Cryogenic gss exhaust line 


° ac2 cryogenic flow and supply to detector must be monitored periodically by technician 

•* \4£©?.ded to facility cryo supply for long term storage 



gyftTTS SEQUENCE AND RESOURCE REQUIREMENTS 
PHASE VI - H-A4 (LARGE, MQD M-ATKW COLLIMATOR) 



FUNCTION 

DURATION 

FACILITIES 


MANPOWER 


SUPPORT EQUIPMENT 





NO. 

SKILL 

NO. 

DESCRIPTION 

A. 

Inspection of payload 

4 hours 

PPF-KSFC individual 

1 

Array Team Having: 

1 

Array handling dolly 




re furbishra 2 nt room 


1 Array engineer 

4 

Work stands 






5 Array technicians 

1 

Detailed array inspection check list 





1 

Array PI 

1 

Polaroid camera 

B. 

Dry gas purge of inotzx'nront 

3 hours 

PPP-HSFC individual 

1 

Array team 

1 

Array handling dolly 




refurbishment room 

1 

Array PI 

4 

Work stands 





2 

Facility technician 

1 

Facility gas storage supply 







1 

Gas purge and blanket unit 

C. 

Removal of particular (failed; 

12 hours 

PFF-W3FC individual 

1 

Array team 

1 

Array handling dolly 


life limited; to be updated) 


refurbishment room 

1 

Array Pi 

4 

Work stands 


components 





2 

Portable hand operated hoists 







4 

Cable slings 







2 

Push cart dollys 

D. 

Replacement of particular components 

15 hour 8 

PP?->EFC individual 

1 

Array team 

1 

Array handling dolly 




refurbishment room 

1 

Array PI 

4 

Work stands 







2 

Portable hand operated hole to 







4 

Cable slings 







2 

Push cart dollys 

E. 

Gas purge and replenishment of 

3 hours 

PFF-16FC individual 

1 

Array team 

1 

Array handling dolly 


gas in proportional counters 


refurbishment room 

1 

Array PI 

4 

Work stands 





2 

Facility technician 

1 

Facility gas storage supply 







1 

Gas supply line 







1 

Gas exhaust line 

F. 

Perform CST and return to 

24 hours 

PW-MSFC simulator 

1 

Array team 

1 

Array handling dolly 


re furbish incrat room 


facility; X-ray source 

1 

Array PI 

1 

Electric tractor 




calibration facility 

1 

Electric tractor operator 

1 

Instrumentation tape recorder 





2 

X-Ray room technician 

1 

Monitoring and control console 





2 

Simulator operator 

1 

Electronic test set 







1 

Digital processing unit 







1 

Digital tape recorder 

G. 

Inspection of payload 

4 hours 

PPF-KSFC individual 

1 

Array team 

1 

Array handling dolly 




refurbishment room 

1 

Array PI 

4 

Work stands 







1 

Detailed array inspection check list 







1 

Polaroid camera 

H. 

Prep, for return to pallet mounting 

4 hours 

PPF-KSFC individual 

1 

Array team 

1 

Array handling dolly 




refurbishment room 

1 

Array PI 

1 

Protective cover 





2 

Facility technicians 

1 

Flight log and flight ready documents 
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FUNCTION 

DURATION 

FACILITIES 

A. Inspection of payload 

4 hours 

PPF-J6FC individual 



refurbishment room 


B. Disassembly into 2 separate 4 hours PH?-ICFC individual 

instruments refurbishment room 


C. Dry gas purge of large area 
C-ray detector 


D. Removal of particular (failed; 
life Halted; to be updated) 
components (Both instruments) 


E. Replacement of particular 
(Both Instruments) 


3 hours PPF-J6FC individual 

refurbishment area 


24 hours FPF-MSFC individual 

refurbishment room 


30 hours PPF-MSFC individual 

refurbishment room 


F. Gas purging and replenishment in 3 hours PPF-J6FC individual 

sectored proportional counters of refurbishment room 

large area X-ray detector 


G. Reassemble in struments into array 
package 


5 hours PPF-JCFC individual 

refurbishment room 


H. Perform CST and return to 
refurbis hmen t room 


24 hours PPF-J6FC simulator 

facility; X-ray source 
calibration facility 


MANPOWER 
NO. SKILL 

2 Array learns , Each Having: 

1 Array engineer 
5 Array technicians 
2 Array PI 

2 Array teams 

2 Array Pis 

1 Crane operator 


1 Array team 

1 Array PI 

1 Facility technician 


2 Array teams 

2 Array PI 


2 Array teams 

2 Array FI 


1 Array teams 

1 Array PI 

1 Facility technician 


2 Array team 

2 Array PI 

1 Crane operator 


2 Array teams 

2 Array PI 

1 Electric tractor operator 

2 X-ray room technician 

2 Simulator operator 


NO, 

1 

4 

1 

1 

1 

2 

4 

1 

4 

1 

1 

1 

1 

2 

4 

2 

A 


2 

4 

2 

4 

2 



Array handling dolly 
Work stands 

Detailed array inspection check list 
Polaroid camera 


Array handling dolly 
Instrument handling dolly 
Work stands 
3 ton overhead crane 
Cable slings 


Instrument handling dolly 
Work stand 

Facility gas storage area 
Gas purge and blanket unit 


Instrument handling dolly 
Work stands 

Portable hand operated hoist 
Cable slings 
Push cart dollys 


Instrument handling dolly 
Work stands 

Portable hand operated hoist 
Cable slings 
Push cart dollys 


1 Instrument handling dolly 
1 Work stand 

1 Facility gas storage area 

1 Gas supply line 

1 Gas exhaust line 


2 Instrument handling dollys 
1 Array handling dolly 

4 Work stands 

1 5 ton overhead crane 

4 Cable slings 


1 Array handling dolly 

1 Electric tractor 

2 Instrumentation tape recorder 

2 Monitoring and control console 

2 Electronic test set 

2 Digital processing unit 

2 Digital tape recorder 
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EVENTS SEQUENCE AND RESOURCE REQUIREMENTS 
PHASE VI - H-5A (continued) 


FUNCTION 

DURATION 

FACILITIES 


MANPOWER 


SUPPORT EQUIPMENT 




NO. 

SKILL 

NO, 

DESCRIPTION 

Inspection of payload 

4 hours 

PPF-MSFC individual 

2 

Array teams 

1 

Array handling dolly 



refurbishment room 

2 

Array PI 

4 

Work stands 






1 

Detailed array inspection check list 






1 

Polaroid camera 

Prep, for return to pallet mounting 

4 houra 

PPF-MSFC individual 

2 

Array teams 

1 

Array handling dolly 



refurbishment room 

2 

Array PI 

1 

Protective cover 




2 

Facility technician 

1 

Flight log and flight ready documents 
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SFACE ASTROKOJff CO&TROL FACILITY FUNCTIONS AND RESOURCES 


rJECTIOK 


PHASE I 

PI consultation support to 
Payload Integration Center 
Transient Crey 

PHASE II 

PI representative support at 
Shuttle Launch Site 

ffiASE HI 

Experiment Operations Support and 
Control 

Support nealtlmn enporrment 
operation 

Consult with experlcant designers 

for problem solving 

Coordinate operations for targets 

of opportunity 

Liaison with PIC QCPC) 

Liaison vith Launch and Landing 
Site 

Coordinate World Wide Observatories 
Consult with astronomrs 
Evaluate targets suggested by other 
observatories 

Arrange for observation by other 
observatories to support and 
ccnm> lament these missions 

PHASE IV 

PI representative support at Shuttle 
Landing Site 


PHASE V 

PI consultation support to Payload 
Integration Center Transient Crew 


Remove scientific film end tape data 
packages; package for shipment to SACP 
deliver to SACP by courier 


DURATION FACILITIES 


42 hours 


190 hours Office at Shuttle Launch Site 


168 hours Office at SACF 

Observatory Facility 


Office at SACS' 
Observation Facility 


42 hours Office at Shuttle Landing 


34 hours 


Experiment/ carrier 
processing facility 
Pack and ship facility 
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SPACE ASThOVJKY CONTROL FACILITY FUNCTION'S AND RESOURCES 

FUNCTION DURATION FACILITIES 

PHASE VI 

Process Pnotographic Film ’35 Hours 

Reduce Electronic Data 


Film Processing Lab 
Computer Facility 


File and disseminate data 


Pack and Snip Facility 
Library Facility 


Prepare and maintain experiment 
mission program plans 


Office at SACF 


Prepare detailed experiment 
flight plans 


Office at SACF 


Support training of flight crew 


Payload Integration Center 


MANPOWER 



Film processing technicians Processing equipment and chemicals to process: 

Computer programmer/operator 95,000 frames per mission for Solar Payloads 

8.000 frames per mission for S III Payloads 
3AB, 3 AC, 3 AD, and 3AE 

Tape readers , computers , and printers to 
process: 4.1 X 10 9 bits per mission for Solar 

Payload 1-2 

1.9 X 10- bits per mission for 3AB 

4.6 X 10 9 bits per mission for 3AC 

3.6 X 10 9 bits per mission for 3AD 

3.8 X 10 9 bits per mission for 3AE 

1.3 X 10 9 bits per mission for 4AB 

4.0 X 10 9 bits per mission for 4AC 

3.0 X 10 9 bits per mission for 4 AD 

3.5 X 10 9 bits per mission for 4AE 


1 Telescope PI Tables, chairs, viewers, projectors 

1 Vide coverage X-ray array PI for 3 scientists 

1 Array PI 

Telescope PI Desks, chairs, typewriters, reproduction 

1 Wide coverage X-ray array PI equipment 

1 Array PI 

3 Experiment specialists 

1 Telescope PI Desks, chairs, typewriters, reproduction 

l Wide coverage X-ray array PI equipment 

1 Array PI 

3 Experiment specialists 

3 Experiment specialists 
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APPENDIX A3 


MISSION PROFILE 


INTRODUCTION 


PAGE 


This appendix includes: 


(1) 

The preliminary mission sequences and flight 
profiles for the Stratoscope III and IR 
Telescope payloads 

2 

(2) 

Final mission sequences and flight profiles 
for Solar Payload 1-2 

12 

(3) 

Trade Study Report, Performing Critical Roles 
and Functions 

i 
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STRATOSCOPE III PAYLOAD 3 AC 
MISSION ASSUMPTIONS 


Sortie Lab is pressurized on ground and isolated from shuttle 

by crew access hatch. 

Inclination 0.497 radian (28.5 degrees) 

Operations altitude 463 km (250 n. mi.) 

Fly mission anytime of year; launch anytime of day. 

Initiate deorbit 45 minutes prior to revolution 107 which passes within 
orbiter crossrange capability at 166 hrs. 42 min. elapsed time. Total 
mission duration launch to initiate deorbit is 165 hr. 57 min. 



ELAPSED TIME 
(HR:MIN) 

00:00 

00:06.5 

00:50.1 

01:36.1 


02:00 

02:30 


02:45 

03:00 


03:30 


03:40 

03:42 

03:57 

04:12 

04:14 


04:16 

04:28 

04:40 

04:46 

04:48 


STRATOSCOPE III PAYLOAD 3 AC 
MISSION SEQUENCE AND FLIGHT PROFILE 


EVENT 


LIFTOFF 

INSERT INTO 93 X 185 KM (50 X 100 NMI) ORBIT 
TRANSFER TO 185 X 463 KM (100 X 250 NMI) ORBIT 
AT FIRST APOGEE 

CIRCULARIZE AT 463 KM (250 NMI) ORBIT AT FIRST 
APOGEE. STABILIZE, CHECKOUT ORBITER 
SYSTEMS, UPDATE EPHEMERIS , OPEN ORBITER 
CARGO BAY DOORS, VERIFY READINESS TO PROCEED 
WITH EXPERIMENT OPERATIONS 
ORBITER COARSE -ATTITUDE ACQUISITION 
REMOTE CHECKOUT OF SORTIE LAB SUBSYSTEMS 

VERIFICATION: ELECTRICAL POWER; ENVIRONMENTAL 

CONTROL/LIFE SUPPORT; CONTROL & DISPLAY; 

THERMAL CONTROL; COMMUNICATIONS /DATA 
MANAGEMENT; GUIDANCE, NAVIGATION AND CONTROL 
VERIFY SORTIE LAB HABITABILITY AND OPEN 

CREW ACCESS HATCH 

SORTIE LAB ' CHECKOUT BY SCIENTIFIC CREW 

VERIFY EC/LS CAUTION AND WARNING SUBSYSTEM; 
VERIFY COMMUNICATIONS/DATA MANAGEMENT SUBSYSTEM; 
VERIFY SUBSYSTEMS CONTROL AND DISPLAY PANELS; 
VERIFY ELECTRICAL POWER DISTRIBUTION TO PALLET; 
VERIFY PALLET THERMAL CONTROL SUBSYSTEM; TURN 
ON GUIDANCE, NAVIGATION AND CONTROL SUBSYSTEM 
PERFORM VISUAL INSPECTION OF TELESCOPE AND ARRAYS 

TELESCOPE DEPLOYMENT 

RELEASE \ TELESCOPE GIMBAL MOUNT LAUNCH LOCKS 
ROTATE DEPLOYMENT YOKE TO 90 DEGREE POSITION AND 
LOCK 

PITCH TELESCOPE COARSE GIMBAL INTO INITIAL 
OPERATIONS POSITION 
RELEASE AZIMUTH TABLE LOCKS 
RELEASE LAUNCH LOCKS TO PROTECT PRIMARY AND 
SECONDARY MIRRORS ASSEMBLIES 

TELESCOPE POST-DEPLOYMENT CHECKOUT 
OPEN COVERS ON OPTICS, EXTEND SHIELD 
FUNCTIONAL CHECK CONSOLE SYSTEMS 
ACTIVATE AND CHECKOUT DRIVES 
TURN ON MAIN POWER TO INSTRUMENT DETECTORS 
MONITOR TEMPERATURE CONTROL SYSTEM UNTIL 
STABILIZATION (24 MINUTES REQUIRED) 


3 



ELAPSED TIME 
(HR: MIN) 


EVENT 


04:50 

04:52 

04:07 

04:22 


GAMMA- RAY SPECTROMETER AND LOW BACKGROUND GAMMA-RAY 
DETECTOR DEPLOYMENT 

RELEASE ARRAY GIMBAL MOUNT LAUNCH LOCKS 
ROTATE ARRAY DEPLOYMENT YOKE TO 90-DEGREE POSITION 
AND LOCK 

PITCH ARRAY COARSE GIMBAL INTO INITIAL OPERATIONS 
POSITION 

RELEASE AZIMUTH TABLE LOCKS 


04:24 

04:26 

04:41 


WIDE COVERAGE X-RAY DEPLOYMENT 
RELEASE ARRAY MOUNT LAUNCH LOCKS 
DEPLOY WIDE COVERAGE X-RAY ARRAYS 
ROTATE WIDE COVERAGE X-RAY ARRAY 
HALVES TNTO OPERATIONS POSITION 


04:51 

04:53 

04:54 

04:55 


WIDE COVERAGE X-RAY ARRAY CHECKOUT 
PERFORM SAFETY CHECK 
TURN ON ELECTRICAL POWER 
PERFORM ELECTRICAL CHECK 
PERFORM BUILT-IN CALIBRATION 


05:05 

05:15 

05:17 

05:19 

05:29 

05:39 

05:44 


GAMMA -RAY SPECTROMETER AND LOW BACKGROUND GAMMA- RAY 

DETECTOR CHECKOUT 

PERFORM VISUAL SAFETY CHECK 

TURN ON ELECTRICAL POWER 

RELEASE LAUNCH RESTRAINTS AND DEPLOY DETECTOR 
PACKAGE 

PERFORM FUNCTIONAL CHECK 
PERFORM ELECTRONICS CALIBRATION 
ESTABLISH ORIENTATION REFERENCES 
INITIATE REPEATABLE ON-ORBIT OPERATIONS SEQUENCE 
FOR TELESCOPE AND ARRAYS 


...THE WIDE COVERAGE X-RAY ARRAY AND THE GAMMA RAY SPECTROMETER AND LOW 
BACKGROUND GAMMA RAY DETECTOR ARE OPERATED CONTINUOUSLY (EXCEPT FOR PERIODS 
OF AUTOMATIC SHUTDOWN DURING PASSAGE THRU THE SOUTH ATLANTIC ANOMALY) UNTIL 
TERMINATION OF EXPERIMENT OPERATIONS AT 161 HRS 11 MINUTES. 

TYPICAL REPEATABLE ON-ORBIT OPERATIONS SEQUENCE FOR STRATOSCOPE III, 
REQUIRING 91 MINUTES PER CYCLE (70 MINUTES PER CYCLE OBERVATION TIME) IS 
PERFORMED 102 TIMES (PLUS ONE PARTIAL CYCLE ENDING AT. . . 

o 

161:11 RETRACT SHIELD, CLOSE COVERS ON TELESCOPE OPTICS 

161:31 SECURE LAUNCH LOCKS TO PROTECT PRIMARY AND SECONDARY 

MIRRORS ASSEMBLIES OF TELESCOPE 
161:37 SECURE TELESCOPE AZIMUTH TABLE LOCKS 

161:39 TURN OFF ELECTRICAL POWER TO WIDE COVERAGE X-RAY 

, ARRAY 

161:41 ROTATE WIDE COVERAGE X-RAY ARRAY HALVES INTO STOWING 

POSITION 

161:47 RETRACT WIDE COVERAGE X-RAY ARRAYS INTO STOWED 

POSITION 
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162:02 

162:04 

162:06 

162:11 

162:13 

162:15 

162:45 

163:15 

163:17 

163:47 

164:17 

164:19 

164:21 

164:23 


SECURE ARRAY MOUNT LOCKS 
TURN OFF ARRAY CONTROLS AND DISPLAYS 
RETRACT GAMMA- RAY ARRAY DETECTOR PACKAGE AND SECURE 
LAUNCH RESTRAINTS 

SWITCH GAMMA- RAY ARRAYS ELECTRICAL POWER TO STANDBY 
SECURE GAMMA -RAY ARRAYS AZIMUTH TABLE LOCKS 
PITCH ARRAY COARSE GIMBAL INTO STOWING POSITION 
RELEASE ARRAY DEPLOYMENT YOKE, ROTATE INTO STOWED 
POSITION AND LOCK 

SWITCH GAMMA-RAY ARRAYS CONTROLS AND DISPLAY PANELS 
TO MONITOR CRYO SYSTEM ONLY 
PITCH TELESCOPE COARSE GIMBAL INTO STOWED POSITION 
RELEASE DEPLOYMENT YOKE LOCK AND ROTATE INTO STOWED 
POSITION 

SECURE TELESCOPE GIMBAL MOUNT LAUNCH LOCKS 
TURN OFF TELESCOPE THERMAL CONTROL SYSTEM 
TURN OFF MAIN POWER TO INSTRUMENT DETECTORS 
TURN OFF CONTROLS AND DISPLAYS PANELS 


SECURE SORTIE LAB AND PALLET 

164:24 TURN OFF SORTIE LAB GUIDANCE, NAVIGATION AND 

CONTROLS SUBSYSTEM; SWITCH PALLET THERMAL CONTROL 
SYSTEM TO STANDBY; SWITCH PALLET ELECTRICAL POWER 
DISTRIBUTION TO STANDBY 
SCIENTIFIC CREW TRANSFER TO ORBITER STATIONS 
CLOSE ACCESS HATCH TO SORTIE LAB 
SWITCH SORTIE LAB SUBSYSTEMS TO STANDBY 

CHECKOUT ORBITER, PREPARE FOR RETURN TO EARTH 
INITIATE DEORBIT 


164:31 

164:41 

164:51 

164:57 

165:57 
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TYPICAL REPEATABLE ON-ORBIT OPERATIONS SEQUENCE 
STRATOSCOPE III 


The Stratoscope III telescope is limited to viewing no closer than 
45 degrees to the Sun and 15 degrees to the Earth and Moon. This constraint 
permits targets within the 15% of the celestial sphere more than 83.4 degrees 
from the orbit plane (in either direction) to be continuously viewable. 

Targets not within the cones of continuous visibility are viewable from at 
least 50 minutes per orbit to 93.7 minutes per orbit, depending on their 
angle from the orbit plane, except for about 15% of the celestial sphere which 
is continuously occulted by the Sun. 

Based on these constraints, a desired observation duration of 70 minutes 
was selected for developing the following typical repeatable on-orbit operations 
sequence : 


MINUTES 

FUNCTION 

12 

A. 

Point Telescope to Acquire Target 

1 

B. 

Select Filter or Grating 

7 

C. 

Calibrate 

70 

D. 

Observe 

1 

E. 

Rotate Mirror 


TOTAL 91 
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IR TELESCOPE PAYLOAD 4AC 
MISSION ASSUMPTIONS 


1. Sortie Lab is pressurized on ground and isolated from shuttle 

by crew access hatch. 

2. Inclination 0,497 radian (28.5 degrees) 

3. Operations altitude 463 km (250 n. mi.) 

4. Fly missions during new moon periods; launch anytime of day 

5. Initiate deorbit 45 minutes prior to revolution 107 which passes 
within orbiter crossrange capability at 166 hrs. 42 min. elapsed 
time. Total mission duration launch to initiate deorbit is 165 hrs. 
57 min. 
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ELAPSED TIME 
(HR:MIN) 

00:00 

00:06.5 

00:50.1 

01:36.1 


02:00 

02:30 


02:45 

03:00 


03:30 


03:40 

03:42 

03:57 

04:12 

04:14 

04:16 


04:50 

04:52 

05:07 

05:22 


IR TELESCOPE PAYLOAD 4AC 
MISSION SEQUENCE AND FLIGHT PROFILE 

EVENT 


LIFTOFF 

INSERT INTO 93 X 185 KM (50 X 100 NMI) ORBIT 
TRANSFER TO 185 X 463 KM (100 X 250 NMI) ORBIT AT 
FIRST APOGEE 

CIRCULARIZE AT 463 KM (250 NMI) ORBIT AT FIRST 
APOGEE. STABILIZE, CHECKOUT ORBITER SYSTEMS, 
UPDATE EPHEMERIS, OPEN ORBITER CARGO BAY DOORS, 
VERIFY READINESS TO PROCEED WITH EXPERIMENT 
OPERATIONS 

ORBITER C o lit iiiuuii Au^UiiiXXiON 
REMOTE CHECKOUT OF SORTIE LAB' 

SUBSYSTEMS VERIFICATION; ELECTRICAL POWER; 
ENVIRONMENTAL CONTROL/LIFE SUPPORT; CONTROL AND 
DISPLAY; THERMAL CONTROL; COMMUNICATIONS /DATA 
MANAGEMENT; GUIDANCE, NAVIGATION AND CONTROL 
VERIFY SORTIE LAB HABITABILITY AND OPEN 

CREW ACCESS HATCH 

SORTIE LAB CHECKOUT BY SCIENTIFIC CREW 

VERIFY EC/LS CAUTION AND WARNING SUBSYSTEM; 

VERIFY COMMUNICATIONS/DATA MANAGEMENT SUBSYSTEM; 
VERIFY SUBSYSTEMS CONTROL AND DISPLAY PANELS; 
VERIFY ELECTRICAL POWER DISTRIBUTION TO PALLET; 
VERIFY PALLET THERMAL CONTROL SUBSYSTEM; TURN 
ON GUIDANCE, NAVIGATION AND CONTROL SUBSYSTEM 
PERFORM VISUAL INSPECTION OF TELESCOPE AND ARRAYS 

TELESCOPE DEPLOYMENT 

RELEASE TELESCOPE GIMBAL MOUNT LAUNCH LOCKS 
ROTATE DEPLOYMENT YOKE TO 90 DEGREE POSITION AND LOCK 
PITCH TELESCOPE COARSE GIMBAL INTO INITIAL OPERATIONS 
POSITION 

RELEASE AZIMUTH TABLE LOCKS 

OPEN TELESCOPE COVER 

SETUP TELESCOPE AND INSTRUMENTS 

MONITOR TEMPERATURE CONTROL SYSTEM UNTIL 
STABILIZATION (APPROXIMATELY 3 ORBITS) 

GAMMA -RAY SPECTROMETER AND LOW BACKGROUND 
GAMMA -RAY DETECTOR DEPLOYMENT 
RELEASE ARRAY GIMBAL MOUNT LAUNCH LOCKS 
ROTATE ARRAY DEPLOYMENT YOKE TO 90-DEGREE 
POSITION AND LOCK 

PITCH ARRAY COARSE GIMBAL INTO INITIAL OPERATIONS 
POSITION 

RELEASE AZIMUTH TABLE LOCKS 
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ELAPSED TIME 
(HR: MIN) 


EVENT 


0 5:24 
05:26 
05:41 


05:51 

05:53 

05:54 

05:55 


06:05 

06:15 

06:17 

06:19 

06:29 

06:39 

06:44 


WIDE COVERAGE X-RAY DEPLOYMENT 
RELEASE ARRAY MOUNT LAUNCH LOCKS 
DEPLOY WIDE COVERAGE X-RAY ARRAYS 
ROTATE WIDE COVERAGE X-RAY ARRAYS 
HALVES INTO OPERATIONS POSITION 

WIDE COVERAGE X-RAY ARRAY CHECKOUT 
PERFORM SAFETY CHECK 
TURN ON ELECTRICAL POWER 
PERFORM ELECTRICAL CHECK 
PERFORM BUILT-IN CALIBRATION 

GAMMA -RAY SPECTROMETER AND LOW BACKGROUND 
GAMMA- RAY DETECTOR CHECKOUT ~ 

PERFORM VISUAL SAFETY CHECK 
TURN ON ELECTRICAL POWER 

RELEASE LAUNCH RESTRAINTS AND DEPLOY DETECTOR PACKAGE 
PERFORM FUNCTIONAL CHECK 
PERFORM ELECTRONICS CALIBRATION 
ESTABLISH ORIENTATION REFERENCES 
INITIATE REPEATABLE ON-ORBIT OPERATIONS SEQUENCE 
FOR ARRAYS 


...THE WIDE COVERAGE X-RAY ARRAY AND THE GAMMA RAY SPECTROMETER AND LOW 
BACKGROUND GAMMA RAY DETECTOR ARE OPERATED CONTINUOUSLY (EXCEPT FOR 
PERIODS OF AUTOMATIC SHUTDOWN DURING PASSAGE THRU THE SOUTH ATLANTIC 
ANOMALY) UNTIL TERMINATION OF EXPERIMENT OPERATIONS AT 161 HRS. 35 MIN... 


IR TELESCOPE POST-TEMPERATURE STABILIZATION CHECKOUT 
09:00 ALIGN TELESCOPE AND INSTRUMENT AXES WITH SORTIE CAN 

AND PALLET GUIDANCE, NAVIGATION AND CONTROL SYSTEM 
REFERENCES 

09:30 CALIBRATE INSTRUMENT DETECTORS OF IR TELESCOPE 

10:00 INITIATE REPEATABLE ON-ORBIT OPERATIONS SEQUENCE 

FOR IR TELESCOPE 


...TYPICAL REPEATABLE ON-ORBIT OPERATIONS SEQUENCE FOR IR TELESCOPE 
REQUIRING 93.7 MINUTES PER CYCLE (54.7 MINUTES PER CYCLE OBSERVATION 
TIME) PERFORM 97 TIMES, COMPLETING OPERATIONS AT 161 HRS. 35 MINUTES... 

161:35 CLOSE COVERS ON TELESCOPE 

161:37 SECURE TELESCOPE AZIMUTH TABLE LOCKS 

161:39 TURN OFF ELECTRICAL POWER TO WIDE COVERAGE 

X-RAY ARRAY 

161:41 ROTATE WIDE COVERAGE X-RAY ARRAY HALVES INTO 

STOWING POSITION 

162:02 SECURE ARRAY MOUNT LOCKS 

162:04 TURN OFF ARRAY CONTROLS AND DISPLAYS 

162:06 RETRACT GAMMA-RAY ARRAY DETECTOR PACKAGE AND SECURE 

LAUNCH RESTRAINTS 

162:11 SWITCH ELECTRICAL POWER TO GAMMA-RAY ARRAY TO STANDBY 
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ELAPSED TIME 
(HR: MIN) 


EVENT 


162:13 

162:15 

162:45 

163:15 

163:17 

163:47 

164:17 

164:19 

164:21 

164:23 


SECURE GAMMA-RAY ARRAYS AZIMUTH TABLE LOCKS 
PITCH ARRAY COARSE GIMBAL INTO STOWING POSITION 
RELEASE ARRAY DEPLOYMENT YOKE, ROTATE INTO STOWED 
POSITION AND LOCK 

SWITCH GAMMA-RAY ARRAYS CONTROLS AND DISPLAY PANELS 
TO MONITOR CRYO SYSTEM ONLY 
PITCH TELESCOPE COARSE GIMBAL INTO STOWED POSITION 
RELEASE DEPLOYMENT YOKE LOCK AND ROTATE INTO STOWED 
POSITION 

SECURE TELESCOPE GIMBAL MOUNT LAUNCH LOCKS 
SWITCH TELESCOPE THERMAL CONTROL SYSTEM TO STANDBY 
TURN OFF MAIN POWER TO INSTRUMENT DETECTORS 
TURN OFF CONTROLS ANT) DISPLAYS PANELS 


164:25 


164:31 

164:41 

164:51 

164:57 

165:57 


SECURE SORTIE LAB) AND PALLET 

TURN OFF SORTIE. LABj GUIDANCE, NAVIGATION AND 

CONTROLS SUBSYSTEM; SWITCH PALLET TO STANDBY; 
THERMAL CONTROL SUBSYSTEM; SWITCH ELECTRICAL 
POWER DISTRIBUTION TO PALLET TO STANDBY 
SCIENTIFIC CREW TRANSFER TO ORBITER STATIONS 
CLOSE ACCESS HATCH TO SORTIE LAB) 

SWITCH SORTIE LAB SUBSYSTEMS TO STANDBY 

CHECKOUT ORBITER, PREPARE FOR RETURN TO EARTH 
INITIATE DEORBIT 
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SOLAR PAYLOAD 1-2 
FINAL MISSION ASSUMPTIONS 


Sortie Lab is pressurized on ground and isolated from Shuttle 

by crew access hatch. 

Inclination 1.16 to 1.57 radians (66.5 to 90 degrees) depending on 
time of year of mission. 


3. Operations altitude variable with inclination from 592 km (320 n.mi.) at 
1.16 radians to 463 km (250 n. mi.) at 1.57 radians. 

4. Orbital passes within the crossrange capability of the orbiter vary 
with altitude and inclination. At 463 km altitude and an inclination 


°f 1-57 radians, orbit 107 passes within the crossrange capability at 
167 hr. 15 min. Deorbit is initiated 45 minutes prior to this pass at 
166 hr. 30 min. elapsed time. 


5. Typical repeatable Photoheliograph cycle is based upon manual control 

of experiment equipment and sortie lab pallet subsystems to perform 

pointing, alignment, and focusing functions. The times required and 
shown assume improvement in these functions after the first time. 

Target selection (shown as zero after the first time) is performed 
during previous observation period. 

6. Typical repeatable X-Ray Focusing Telescope cycle is based upon manual 

control of experiment equipment and sortie lab pallet subsystems to 

perform pointing, alignment, and focusing functions. The times required 
and shown assume improvement in these functions after the first time. 
Target selection (shown as zero after the first time) is performed 
during previous observation period. 



12 



SOLAR PAYLOAD 1-2 

FINAL MISSION SEQUENCE AND FLIGHT PROFILE 


ELAPSED TIME 
(HR: MIN) 

00:00 

00:06.5 

00:50.1 


01:35.1 


02:00 

02:30 


02:45 

03:00 


03:30 


03:40 


03:48 

03:50 


EVENT 


LIFTOFF 

INSERT INTO 93 X 185 (50 X 100 NMI) ORBIT 
TRANSFER TO 185 KM X FINAL ORBIT ALTITUDE OF 
463 KM TO 592 KM (250 TO 320 NMI) AT FIRST 
APOGEE 

CIRCULARIZE AT FINAL ORBIT ALTITUDE AT FIRST 
APOGEE. STABILIZE, CHECKOUT ORBITER SYSTEMS, 
UPDATE EPHEMERIS , OPEN ORBITER CARGO BAY DOORS, 
VERIFY READINESS TO PROCEED WITH EXPERIMENT 
OPERATIONS 

ORBITER COARSE -ATTITUDE ACQUISITION 
REMOTE CHECKOUT OF SORTIE LAB SUBSYSTEMS 

VERIFICATION: ELECTRICAL POWER; ENVIRONMENTAL 

CONTROL/LIFE SUPPORT; CONTROL AND DISPLAY; 

THERMAL CONTROL; COMMUNICATIONS/DATA MANAGEMENT; 
GUIDANCE, NAVIGATION AND CONTROL 
VERIFY SORTIE LAB HABITABILITY AND OPEN CREW 

ACCESS HATCH 

SORTIE LAB CHECKOUT BY SCIENTIFIC CREW 

VERIFY EC/LS CAUTION AND WARNING SUBSYSTEM; 

VERIFY COMMUNICATIONS /DATA MANAGEMENT SUBSYSTEM; 
TURN ON SUBSYSTEMS CONTROL AND DISPLAY PANELS; 

TURN ON ELECTRICAL POWER DISTRIBUTION TO PALLET 
TURN ON PALLET THERMAL CONTROL SUBSYSTEM; 

TURN ON GUIDANCE, NAVIGATION AND CONTROL SUBSYSTEM 
PERFORM VISUAL INSPECTION OF TELESCOPES 

PHOTOHELIOGRAPH CHECKOUT 

TURN ON CONTROL AND DISPLAY PANEL, IMAGE CONTROL 
SUBSYSTEM SERVOS, CAMERA AND FILTER CONTROL AND 
THERMAL CONTROL ELECTRONICS 
RELEASE LAUNCH LOCKS TO PROTECT PRIMARY AND SECONDARY 
MIRROR ASSEMBLIES 

TURN ON AND STABILIZATION OF TELESCOPE THERMAL 

CONTROL FLUID SYSTEMS AND SPECTRAL FILTER THERMAL 
CONTROL 


PHOTOHELIOGRAPH 

04:20 RELEASE TELESCOPE GIMBAL MOUNT LAUNCH LOCKS 

04:22 ROTATE DEPLOYMENT YOKE TO 90 DEGREE POSITION AND LOCK 

04:37 PITCH TELESCOPE COARSE GIMBAL INTO INITIAL OPERATIONS 

POSITION 

04:52 RELEASE AZIMUTH TABLE LOCKS 
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ELAPSED TIME 
(HR: MIN) 


EVENT 


PHOTOHELIOGRAPH POST -DEPLOYMENT CHECKOUT 

04:54 OPEN APERTURE DOOR 

04:56 ENABLE ALIGNMENT AND FOCUS SERVOS AND ACHIEVE 

THERMAL EQUILIBRIUM 

XUV S PECTROHELIOGRAPH CHECKOUT 

05:06 TURN ON CONTROL AND DISPLAY PANEL, IMAGE CONTROL 

SUBSYSTEM SERVOS, AND CAMERA CONTROL 

05:16 ADJUST BAND SELECTION GRATING 

X-RAY FOCUSING TELESCOPE CHECKOUT 

05:31 TURN ON CONTROL AND DISPLAY PANELS, IMAGE ELECTRONICS, 

CAMERA PROGRAMMING ELECTRONICS, FILTER WHEEL 
CONTROL, THERMAL CONTROL ELECTRONICS, PHOTOMULTIPLIER 
DETECTOR ELECTRONICS 

05:41 TELESCOPE MAIN POWER SWITCHING, THERMAL CONTROL STATUS, 

APERTURE DOOR POSITION CONTROL, FILTER WHEEL 
POSITION SELECTION, DETECTOR SELECTION 

05:59 IMAGING SYSTEM CAMERA FRAME RATE SELECTION, IMAGE 

INTENSIFIER HIGH VOLTAGE CONTROL, GRATING POSITION, 
INITIATE AND STOP MODE OPERATION 

06:02 CRYSTAL SPECTROMETER SYSTEM SLIT SIZE CONTROL, SCAN 

RANGE CONTROL, SCAN SEQUENCE CONTROL, CRYSTAL 
POSITION CONTROL, CALIBRATE, INITIATE AND STOP 
MODE OPERATION 

06:10 PROPORTIONAL COUNTER HIGH VOLTAGE CONTROL, CALIBRATE, 

PULSE HEIGHT ANALYZER RESOLUTION WIDTH, INITIATE 
AND STOP MODE OPERATION 

06:14 H-ALPHA SLIT CAMERA POWER ON, FILTER HEATER ON AND 

STATUS, HIGH VOLTAGE CONTROL 

06:17 PHOTOMULTIPLIER DETECTOR SYSTEM HIGH VOLTAGE POWER 

CONTROL, DISCRIMINATOR LEVEL CONTROL, FLARE ALERT 
DISPLAY 

06:22 SOLAR X-RAY MONITOR TELESCOPE MAIN POWER CONTROL 

HIGH VOLTAGE CONTROL, BRIGHTNESS CONTROL 

06:24 H-ALPHA MONITOR TELESCOPE MAIN POWER CONTROL, HIGH 

VOLTAGE CONTROL, FILTER HEATER CONTROL, THERMAL 
STATUS 

CORONAGRAPHS 

06:27 TURN ON CONTROL AND DISPLAY PANEL, OCCULTING DISCS 

CONTROL SUBSYSTEMS, CAMERA AND FILTER CONTROL, 

AND THERMAL CONTROL ELECTRONICS 

06:37 TURN ON AND STABILIZATION OF TELESCOPE THERMAL 

CONTROL SYSTEMS 
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ELAPSED TIME EVENT 

(HR : MIN) 


07:07 

07:09 

07:24 

07:39 


TELESCOPE DEPLOYMENT 

RELEASE TELESCOPE GIMBAL MOUNT LAUNCH LOCKS 
ROTATE DEPLOYMENT YOKE TO 90 DEGREE POSITION AND LOCK 
PITCH TELESCOPE COARSE GIMBAL INTO INITIAL OPERATIONS 
POSITION 

RELEASE AZIMUTH TABLE LOCKS 


07:41 

08:11 

08:26 

08:41 


XUV SPECTROHELIOGRAPH POST-DEPLOYMENT CHECKOUT 
UNCOVER SUN SENSOR AND SPECTROHELIOGRAPH OPTICS 
INITIAL CALIBRATION QUIET SUN PLAGES PHOTOS 
INITIAL CALIBRATION QUIET SUN (INNER) CORONA 
INITIAL CALIBRATION STANDARD LAMPS (INTERNAL) 


CORONAGRAFHS POST-DEPLOYMENT CHECKOUT 

09:11 OPEN COVERS AND LENS CAPS ON BOTH 1-6 SOLAR RADII 

AND 5-30 SOLAR RADII CORONAGRAPHS, ERECT SUN SENSOR 

09:22 ACQUIRE SUN IN TELESCOPE FOV 

09:28 ENABLE ALIGNMENT SERVOS AND ACHIEVE THERMAL EQUILIBRIUM 

09:40 ADJUST POSITIONS OF EXTERNAL OCCULTING DISCS TO OBTAIN 

MAXIMUM SUPPRESSION OF DIFFRACTION EFFECTS FOR 1-6 
SOLAR RADII 

09:55 ADJUST POSITIONS OF EXTERNAL OCCULTING DISCS TO 

OBTAIN MAXIMUM SUPPRESSION OF DIFFRACTION EFFECTS 
FOR 5-30 SOLAR RADII CORONAGRAPH 

10:10 ADJUST INTENSITY CALIBRATION WEDGES FOR 1-6 SOLAR 

RADII CORONAGRAPH 

10:22 ADJUST INTENSITY CALIBRATION WEDGES FOR 5-30 SOLAR 

RADII CORONAGRAPH 

10:32 INITIATE OBSERVATION PROGRAMS 


. . .PHOTOHELIOGRAPH 

PERFORM TYPICAL REPEATABLE ON-ORBIT OPERATIONS SEQUENCE, 24 TIMES, PLUS 
96 ADDITIONAL MINUTES, ACHIEVING 24X282=6768 PLUS 56=6824 MINUTES (113 HR 44 MIN) 
TOTAL OPERATIONS TIME. 


...X-RAY FOCUSING TELESCOPE 

PERFORM TYPICAL REPEATABLE ON-ORBIT OPERATIONS SEQUENCE 40 TIMES, PLUS 
200 ADDITIONAL MINUTES, ACHIEVING 40X162=6480 PLUS 142=6622 MINUTES (110 HR. 

22 MIN) TOTAL OPERATIONS TIME. 

...XUV SPECTROHELIOGRAPH AND CORONAGRAPHS 

OBTAIN/EXPOSURE EVERY 3 MINUTES DURING QUIET SUN AND ACTIVE SUN MODES. 
OBTAIN 2 EXPOSURES PER MINUTE DURING A FLARE. OPERATE CONTINUOUSLY UNTIL... 

X-RAY FOCUSING TELESCOPE SHUTDOWN 

161:32 TURN OFF IMAGE ELECTRONICS, CAMERA PROGRAMMING 

ELECTRONICS, FILTER WHEEL CONTROL, THERMAL CONTROL 
ELECTRONICS, PHOTOMULTIPLIER, DETECTOR ELECTRONICS 
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ELAPSED TIME EVENT 

(HR:MIN) 

XUV SPECTROHELIOGRAPH SHUTDOWN 
161:42 COVER SUN SENSOR AND OPTICS 

162:05 TURN OFF IMAGE CONTROL SUBSYSTEM SERVOS, AND CAMERA 

CONTROL 

CORONAGRAPHS SHUTDOWN 

162:11 RETRACT SUN SENOR, CLOSE COVERS AND LENS CAPS 

162:21 TURN OFF OCCULTING DISCS CONTROL SUBSYSTEM, 

CAMERA AND FILTER CONTROL AND THERMAL CONTROL 
ELECTRONICS 

TELESCOPE RETRACT 
SECURE AZIMUTH TABLE LOCKS 

PITCH TELESCOPE COARSE GIMBAL INTO STOWED POSITION 
RELEASE DEPLOYMENT YOKE LOCK AND ROTATE INTO 
STOWED POSITION 

SECURE TELESCOPE GIMBAL MOUNT LAUNCH LOCKS 
TURN OFF CONTROL AND DISPLAY PANEL 


163:43 

163:45 

163:47 

163:49 

164:19 

164:49 

164:52 


PHOTOHELIOGRAPH SHUTDOWN AND RETRACT 
CLOSE PHOTOHELIOGRAPH APERTURE DOOR 
SECURE LAUNCH LOCKS TO PROTECT PHOTOGELIOGRAPH 
PRIMARY AND SECONDARY MIRRORS ASSEMBLIES 
SECURE TELESCOPE AZIMUTH TABLE LOCKS 
PITCH TELESCOPE COARSE GIMBAL INTO STOWED 
POSITION 

RELEASE DEPLOYMENT YOKE LOCK AND ROTATE INTO 
STOWED POSITION 

SECURE TELESCOPE GIMBAL MOUNT LAUNCH LOCKS 
TURN OFF PHOTOHELIOGRAPH THERMAL CONTROL FLUID 
SYSTEMS, SPECTRAL FILTER THERMAL CONTROL, 
AND CONTROLS AND DISPLAYS PANELS 


162:27 

162:33 

163:03 

163:33 

163:37 


SECURE SORTIE LAB AND PALLET 

164:58 TURN OFF SORTIE LAB GUIDANCE, NAVIGATION 

AND CONTROL SUBSYSTEM; TURN OFF PALLET 
THERMAL CONTROL SUBSYSTEM; TURN OFF ELECTRICAL 
POWER DISTRIBUTION TO PALLET 

165:04 ^ SCIENTIFIC CREW TRANSFER TO ORBITER STATIONS 

165:14 CLOSE ACCESS HATCH TO SORTIE LAB 

165:24 SWITCH SORTIE LAB SUBSYSTEMS TO STANDBY 

165:30 CHECKOUT ORBITER, PREPARE FOR RETURN TO EARTH 

166:30 INITIATE DEORBIT 
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TYPICAL REPEATABLE CW-ORBIT OPERATIONS SEQUENCE 
PHOTOHELIOGRAPH 



TOTAL TIME FOR REPEATABLE SEQUENCE, MINUTES 
REPEATABLE OPERATIONS TIME, MINUTES 


282 















TYPICAL REPEATABLE ON-ORBIT OPERATIONS SEQUENCE 
X-RAY FOCUSING TELESCOPE 





TIME IN MINUTES 


MODE 


FUNCTION 

OP 1 

EES 

OP 3 

OP 4 

OP 5 

OP 6 

OP 7 

TOTAL 


A. 

Select Target 

3 



0 

0 

0 


3 

in 

B. 

Point Telescope to Acquire 
Target 

3 



3 

m 

■ 

B 

12 

§ 

& 

O' 

C. 

Operate Imaging System 

5 



5 


B 

I 

20 

D. 

Index to Crystal Spectrometer 

1 



1 


■ 


4 


E. 

Operate Crystal Spectrometer 

3 



3 

3 

3 

I 

12 


F. 

Select Target 

H 

0 

0 



0 

0 

0 


G. 

Point Telescope to Acquire 
Target 

H 

3 

3 



■ 

m 

15 


H. 

Operate Crystal Spectrometer 


3 

3 



B 


15 

w 

I. 

Index to Imaging System 

B 

1 

1 



■ 

B 

5 

J. 

Operate Imaging System 

5 

5 

5 



B 

5 

25 

j> 

K. 

Index Grating In 

1 

1 

1 




D 

5 

H 

< 

L. 

Operate Imaging System Plus 
Grating 

5 

5 

5 



5 

B 

25 


M. 

Index to Proportional Counter 

mm 

H 

mm 



D 


5 


N. 

Operate Proportional Counter 

B 


; 




1 

5 


0. 

Index to Crystal Spectrometer 

B 

Bl 




B 

B 

5 


P. 

Identify Target 







0 

0 


Q. 

Point Telescope to Acquire 
Target 







3 

3 


R. 

Index to Imaging System and 
Grating 







1 

1 


S. 

Operate Imaging System and 
Grating 







60 

60 


TOTAL TIME FOR REPEATABLE SEQUENCE, MINUTES 220 

REPEATABLE OPERATIONS TIME 162 

QUIET SUN IMAGING SYSTEM OPERATIONS 20 

ACTIVE AND FLARE IMAGING SYSTEM OPERATIONS 110 
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TYPICAL REPEATABLE ON-ORBIT 
OPERATIONS SEQUENCE 
XUV SPECTROHELIOGRAPH AND 
INNER AND OUTER CORONAGRAPH3 


1 exposure every 3 minutes during quiet sun and active sun modes, 

2 exposures per minute during a flare 
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I. 


SUMMARY 


The problem addressed in this tradeoff stjudy was the selection of 
preliminary designs for telescope functions that are performed repetitively 
during on-orbit operations. These functions were identified as "critical" 
in analyses of operations to determine methods of utilizing men effectively 
in astronomy sortie missions. 

Three methods of performing each critical function were compared with 
respect to effect on mission success, cost, complexity, and flexibility. 

The three methods are: manned, automatic, and fixed. 

The design choice for all of these critical functions was determined 
to be "manned" except for the observing operations of the XUV Spectrohel io- 
graph and the Coronagraphs . These were determined to be "automatic" design 
choice. A "fixed" design was not selected for any operation, and for many 
was considered "not applicable" (N/A) . 

The results of this study depend heavily on the approach used in 
considering cost. The program guideline of manning the telescopes by two 
observers who are not part of the Shuttle flight crew’ with a duty cycle 
such that operations 24 hours per day are supported, provides the manned 
method without a cost penalty that must be charged to the experiment function. 
For the automatic method, the cost of providing the flight equipment penalizes 
this alternative. 
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III. STATEMENT OF PROBLEM 


Effective utilization of man requires his application (1) to tasks 
requiring the unique capabilities of human judgment and manual skills , 

(2) to non-repetitive functions , and (3) to repeatable functions that are 
best performed by the crew. The preliminary mission profiles showed that 

t 

the telescope operations (but not the SL Pallet activation, experiment 
deployment, retraction, and deactivation operations) were repeatable and 
of such a nature as to present a choice of method in accomplishing them. 

The problem then, was to determine which of these repetitive operating 
functions should be performed by the flight crew, which should be automated, 
and which could be eliminated by fixing the hardware and making no adjustment 
possible. Those repetitive operations that must be automated for technical 
reasons, such as the stabilizing of telescope on targets, were not analyzed 
in this problem. 

IV. DESCRIPTION OF THE SELECTION SCHEME AND CRITERIA USED 

The scheme to select one of the three operations methods (manned, 
automated or fixed) involved estimating the effect of performing the 
functions by each of the methods on mission success, cost, complexity, and 
flexibility. The criteria were compared by estimating the best method for 
each function and assigning a value of 10 to that parameter. The other 
methods were then estimated at values from one to nine. Adding the scores 
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for each of the four comparison criteria resulted in a total score. The 
highest total score was selected as the preliminary design choice. The 
considerations made for each criterion were as follows: 

1. Mission Success - Which method gives the greatest assurance of 
acquiring the most scientific data? Will one method give more 
time to observe and collect data? Does the method permit recovery 
from malfunction? If the method precludes satisfying mission 
objectives of a telescope, it was determined to be "not applicable" 
and the choice was narrowed to the remaining two methods. 

2. Cost - Which is the lowest cost method? Since experiment crewmen 
are provided, no cost penalty was assessed for the manned method. 
The factors estimated here were cost of the flight hardware 
required for each method. 

3. Complexity - Which method requires the most elaborate equipment 
and operations? Must operations be performed only when in contact 
with a ground station? The least complex, that is, the simplest 
method was selected as best. 

4. Flexibility - Which method can best respond to real-time (or 
near-real-time) changes that become desirable? Which method 
can best recover from malfunction or operate in an alternate 
mode? 

V. DESCRIPTION OF THE CANDIDATE SOLUTIONS 

Three methods of performing the critical functions of experiment 
operations were apparent candidates. They were manned, automatic, and 
fixed. 

^ • jfePJlgd - This method uses the experiment flight crew to initiate, 
control, adjust, stop, and monitor a function. A variety of 
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controls and displays may be required, but the essential 
ingredient is that the flight crewman manually performs the 
function and assesses its completion. 

2. Automatic - This method used flight equipment to initiate, 
control, adjust, stop, and monitor a function. A crewman may 

be present to observe and assess the performance of the function, 
but normally he takes no action. 

3. Fixed - This method (which is not applicable to all functions) 
eliminates the function by fixing the hardware making no control 
or adjustment possible. 

VI. EVALUATION OF THE CANDIDATES 

The candidates were evaluated using a subjective scoring technique, 
the best rated 10, the others proportionately less than 10, for each of 
the four comparison criteria: Mission Success, Cost, Complexity, and 

Flexibility. In performing the scoring, consideration was given to the 
presently known hardware concepts for each telescope and for the operations 
to be accomplished. The scoring included subjective engineering judgment 
of the overall difficulty of the function and the sophistication of the 
equipment as well as differences between the methods. 

VII. SELECTION OF PREFERRED APPROACH 

Tables 1 through 5 present the data that were generated in comparing 
the candidate solutions for each of the functions of the Astronomy Sortie 
Missions telescopes. Based on the total scores shown in these tables, a 
preliminary design choice was selected for each function. 

The comparisons were made by estimating the method that is best for 
each of the four criteria (Mission Success, Cost, Complexity, and Flexibility) 
and assigning a value of 10 to that method. The less desirable methods were 
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then assessed values lower than 10, the scores were added for each nethod, 
and the highest total score chosen for preliminary design. 

VIII. RECOMMENDATION 

The "manned" method was chosen for each function of all of the 
telescopes except "observing" for the XUV Spectroheliograph and the Corona- 
graphs. These two functions were chosen to be "automatic". 

IX. SUBSEQUENT EVALUATION 

The technique used in selecting these choices was subjective and 
was based on a concept of the hardware involved in performing the functions. 
Some of the total scores were very nearly ties and the resulting design 
choices should be reviewed as system analyses and definitions are developed. 
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TABLE 1 

CRITICAL ROLES AND FUNCTIONS 
PHOTOHELIOGRAPH 


FUNCTION 

METHOD 

COMPARISON CRITERIA 

TOTAL 

SCORE 

PRELIMINARY 

RESULT 

MISSION 

SUCCESS 

COST 

COMPLEXITY 

FLEXIBILITY 

SELECT 

Manned 

10 

10 

10 

10 

40 

Design Choice 


Automatic 

8 

1 

1 

8 

18 



Fixed 

N/A 

N/A 

N/A 

N/A 

N/A 


POINT 

Manned 

10 

10 

10 

10 

40 

Design Choice 


Automatic 

8 

1 

4 

9 

22 



Fixed 

N/A 

N/A 

N/A 

N/A 

N/A 


ALIGN 

Manned 

8 

10 

10 

10 

38 

Design Choice 


Automatic 

10 

6 

3 

4 

23 



Fixed 

3 

3 

6 

1 

13 


FOCUS 

Manned 

8 

10 

10 

10 

38 

Design Choice 


Automatic 

10 

6 

3 

4 

23 



Fixed 

3 

3 

6 

1 

13 


OBSERVE 

Manned 

10 

10 

10 

10 

40 

Design Cbnisa 


Automatic 

8 


4 

8 

23 



Fixed 

N/A 


N/A 

N/A 

N/A 
















































COMPARISON CRITERIA 

FUNCTION 

METHOD 

MISSION 

SUCCESS 

COST 

COMPLEXITY 

FLEXIBIELITY 

SELECT 

Maimed 

10 

10 

10 

10 


Automatic 

8 

1 

1 

8 


Fixed 

N/A 

N/A 

N/A 

N/A 

POINT 

Manned 

10 

10 

10 

10 


Automatic 

8 

1 

4 

9 


Fixed 

N/A 

N/A 

N/A 

N/A 

INDEX 

Manned 

10 

10 

10 

10 


Automatic 

9 

7 

7 

9 


Fixed 

N/A 

N/A 

N/A 

N/A 

OBSERVE 

Manned 

10 

10 

10 

10 


Automatic 

9 

9 

9 

9 


Fixed 

N/A 

N/A 

N/A 

N/A 


TOTAL 

SCORE 

PRELIMINARY 

RESULT 


Design Choice 





40 

Design Choice 

22 


N/A 


40 

Design Choice 

32 


N/A 


40 

Design Choice 

36 


N/A , 












































TABLE 3 

CRITICAL ROLES AND FUNCTIONS 
XUV S FECTROHELIOGRAPH AND CORONAGRAPHS 


FUNCTION 

METHOD 

COMPARISON CRITERIA 

— 

TOTAL 

SCORE 

• 

PRELIMINARY 

RESULT 

MISSION 

SUCCESS 

COST 

COMPLEXITY 

FLEXIBILITY 

SELECT 

Maimed 

9 

10 

10 

10 

39 

Design Choice 

MODE 

Automatic 

10 

7 

7 

9 

33 



Fixed 

N/A 

N/A 

N/A 

N/A 

N/A 


OBSERVE 

Manned 

5 

10 

10 

10 

35 



Automatic 

10 

9 

9 

9 

37 

Design Choice 


Fixed 

N/A 

N/A 

N/A 

N/A 

N/A 




TABLE 4 

CRITICAL ROLES AND FUNCTIONS 
STRATOSCOPE III 


FUNCTION 

METHOD 

COMPARISON CRITERIA 

TOTAL 

SCORE 

=— 

PRELIMINARY 

RESULT 

MISSION 

SUCCESS 

COST 

COMPLEXITY 

FLEXIBILITY 

POINT 

Manned 

9 

10 

10 

10 

39 

Design Choice 


Automatic 

10 

6 

6 

6 

28 



Fixed 

N/A 

N/A 

N/A 

N/A 

N/A 


SELECT 

Manned 

10 

10 

10 

10 

40 

Design Choice 

FILTER 

OR 

Automatic 

8 

9 

9 

8 

34 


GRATING 

Fixed 

N/A 

N/A 

N/A 

N/A 

N/A 


CALIBRATE 

Manned 

9 

8 

8 

10 

35 

Design Choice 


Automatic 

10 

4 

4 

8 

26 



Fixed 

6 

10 

10 

4 

30 


OBSERVE 

Manned 

10 

10 

10 

10 

40 

Design Choice 


Automatic 

7 

8 

8 

6 

29 



Fixed 

N/A 

N/A 

N/A 

N/A 

N/A 


ROTATE 

Manned 

9 

10 

10 

10 

39 

Design Choice 

MIRROR 

Automatic 

10 

9 

9 

9 

37 



Fixed 

N/A 

N/A 

N/A 

N/A 

N/A 

























TABLE 5 

CRITICAL ROLES AND FUNCTIONS 
!CR TELESCOPE 



► 

COMPARISON CRITERIA 





MISSION 




TOTAL 

PRELIMINARY 

FUNCTION 

METHOD 

SUCCESS 

COST 

COMPLEXITY 

FLEXIBILITY 

SCORE 

RESULT 

PERIODIC 

Manned 

8 

10 

10 

10 

38 

Design Choice 

CHECKOUT 

Automatic 

10 

9 

9 

9 

37 



Fixed 

N/A 

N/A 

N/A 

N/A 

N/A 


PERIODIC 

Manned 

8 

9 

9 

10 

36 

Design Choice 

CALIBRATE 

Automatic 

10 

8 

8 

9 

35 



Fixed 

4 

10 

10 

4 

28 


ACQUIRE 

Manned 

9 

10 

10 

10 

39 

Design Choice 

GUIDE 

STAR 

Automatic 

10 

8 

8 

9 

35 


Fixed 

N/A 

N/A 

N/A 

N/A 

N/A 


LOCATE 

Manned 

10 

10 

10 

10 

40 

Design Choice 

OBJECTIVE 

Automatic 

8 

7 i 1 

7 

7 

29 


Fixed 

N/A 

N/A 

N/A 

N/A 

N/A 


OBSERVE 

Manned 

9 

10 i 

10 

10 

39 

Design Choice 


Automatic 

10 

9 ! 

9 

8 

36 



Fixed 

N/A 

N/A 

N/A 

N/A 

N/A 


ROTATE 

Manned 

9 

10 

10 

10 

39 

Design Choice* 

MIRROR 

Automatic 

10 

9 

9 

9 

37 



Fixed 

N/A 

N/A 

N/A 

N/A 

N/A 
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INTRODUCTION 


Preliminary Failure Mode and Effects Analyses (FMEA) were performed 
on the Astronomy Sortie Mission support subsystems, astronomy experiment 
instruments, and arrays to identify the mission critical single failure 
points and provide a basis for the determination of redundancy and inflight 
maintenance requirements . 

The FMEA '8 included in this appendix were performed to the component/ 
assembly level based on the available conceptual designs for the baseline 
ASM subsystems and experir»ents . Each failure mode identified was classified 
with respect to safety/mission criticality using the following categories; 

Category I - Failure which results in a potential crew safety hazard. 

Category II - Failure which results in total loss of experiment 

capability or inability to meet primary mission objectives 

Category III - Failure which results in partial loss of primary objectives 
or loss of all secondary objectives. 

Category IV - Failure which results in only partial secondary data loss 
or has no significant effect. 

Where possible, the required inflight and post mission corrective actions 
were identified. 
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SUBSYSTEM 


FAILURE WOE 


CAUSE CP 

failure 


tom Background 
rw -B^y 

Datactor 

Detector 
Modules (4) 


Electronics 

Package 


Loss of any one 
detector nodule 


Loss of electron- 
lca for any one 
detector 


Failure of the 
nodule or any 
of lta parts 


Failure of a 
portion of elec, 
package associa- 
ted with one 
detector nodule 


ASTRONOMY SORTIE MISSION 
FAILURE MCDE AND EFFECTS ANALYSIS 


EFFECT OF FAILURE 


CORRECTIVE ACTION 


FAILURE 

CRITICALITY 

CATEGORY 




Repair or Replace Loss of one portion 
does not cauae loss 
of all data 
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ASTRONOMY SORTIE MISSION 
FAILURE MCDE AND EFFECTS ANALYSIS 





EFFECT OF 

FAILURE 


CORRECTIVE ACTION 



INSTRUMENT OR 
SUBSYSTEM 

FAILURE MODE 

CAUSE CF 
FAILURE 

CREW 

EXPERIMENT/ 

MISSION 

FAILURE 

CRITICALITY 

CATEGORY 

DURING 

MISSION 

POST 

MISSION 

RECOMMENDATIONS/ 

REMARKS 


Narrow-Band 

Spectrometer/ 

Polarlmeter 










Narrow-Band 

Detectors 

(Nine) 

Loss of one of 
two continuum 
radiation modules 

Sectored 
proportional 
counter failure 
or loss of 
associated 
electronics 

No effect 

Experiment: 

Loss of tempera- 
ture determina- 
tion for the X- 
ray source at 
one energy level. 
Mission: 

Minor mission 
degradation. 

III 

None 

Repair or replace 
defective energy 
level module 

Loss of one energy level 
X-ray source temperature 
determining module 



Loss of one of 
seven line 
intensity module 

Sectored 
proportional 
counter failure 
or loss of 
associated elec- 
tronics 

No effect 

Experiment: 
Loss of 
polarization 
measurement 
of X-ray flux 
generation for 
one element 
Mission: 

Minor mission 
degradation 

III 

None 

Repair or replace 
defective line 
intensity module 

Loss of polarization 
measurement for one 
element of X-ray flux 
generation 

# 


Structural 
mounting frame 
failure 

Jammed launch 
restraints or 
failure to 
elevate support- 
ing gimbals 

None 

Experiment: 

Loss of ability 
to decouple 
drift between 
experiment ari6 
and shuttle 
orientation 
Mission: 

Degraded mission 

III 

Viewing of 
specific X-ray 
sources will 
require re- 
orientation 
of the Shuttle 

Repair or replace 
defective struc- 
tural mounting 
component 

SFP 

Loss of all data per- 
taining to measurement 
of X-ray intensity and 
polarization of a 
selected source 



Central Data 

Processor 

failure 

Loss of memory 
units, pulse 
height analysers, 
readout or con- 
trol circuits 

Loss of real 
time monitoring 
of the experi- 
ments operation 

Experiment: 

Loss of objective 
of this experi- 
ment. Lose of 
stored data re- 
sults in experi- 
ment degradation 
Mission: 

Degraded mission 

III 

None 

Repair or replace 
defective data 
processor unit 


U 














nzsTsrocRT or 
SUBSYSTEM 


Ga»a-R«y 

Spectrometer 


Cryetel Detectors 
(Ckie of Poor) 


FAILURE mode 


Scintillation 
Guard Shield 


Cryogenic 

Refrigerator 


Electronics 

Package 


Lo»® of g*» ray 
Photon detection 
for the 0.06 to 10 
NeV energy range 


Fails to limit 
field of revlev 
of instrument 


Loss of crystal 
detector tempera- 
ture control 


Loss of output 
data 


CAUSE CF 

failure 


Deployment 

mechanism 

failure 


Sodium-doped 
iodide flakes 
off crystals 


Mechanical 
valve failure 


Electrical 
circuit failure 


ASTR0N0M? SORTIE MISSION 
FAILURE HUE AMD EFFECTS AKAL7STS 


effect of failure 


No effect 


No effect 


expkrdott/ 

mission 


“Vaelurr 

CRITICALITY 

CATEGORY 


CORRECTIVE ACTION 


Experiment : 

Lo®« of extended 
range of measure- 
ments into the 
higher energy 
level 
Mia a loo ; 

Minor mission 
degradation 

Experiment : 

Loss of collima- 
tion and rejection 
through the de- 
fined aperture 
Mission : 

Minor degradation 

Experiment : 
Temperature rise 
above 200K 
deteriorates 
detector charac- 
teristics 
Mission : 

Minor degradation 

Experiment : 
loss of basic 
information rela- 
tive to scientific 
objective of this 
experiment 
Mission : 

Minor degradation 


DURING 

MISSION 


POST 

mission 


recommendations / 

REMARKS 


m 


in 


Repair or replace j 
defective compon- 
ents 


Repair or replace 1 
sodium-doped 
iodide coatings ; 


Repair or replace i 
defective compon- i 
ents 


Repair or replace 
defective electroii- 

ics 


Loss of x-ray and Ganma- 
r *y line emissions in 
the 0.06 to 10 MeV 
energy level 


Loss of X-ray and Gamma - 
xay line emissions in 
the 0.06 to 10 MeV 
energy level 
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INSTRUMENT OR 
SUBSYSTEM 

WIDE COVERAGE " 
X-RAY DETECTOR 


FAILURE MODE 


X-Ray Detet tor Loss of one or more 
Units and Detector Units 

Dome Structure 


i 


Central Data 
Processor 


Loss of all data 
output of the 
experiment . 


LARGE MODULA- 
TION COLLIMATOR 


Modulation 
Col limator 
Modules 


Loss of any 
one module. 


Central Data 
Processor 


Loss of pro- 
cessing of 
data signals. 


ASTRONOMY SORTIE MISSION 
FAILURE MODE AND EFFECTS ANALYSIS 


CAUSE OF 
FAILURE 


EFFECT OF FAILURE 


EXPERIMENT/ 

MISSION 


FAILURE 
CRITICALITY | 
CATEGORY 


Failure of one 
(or more) of 
the detector 
nodules 


Failure of 
circuits or 
any of their 
parts . 


Failure of 
any part of 
detector. 


Failure of 
circuits or 
any of their 
parts . 


Exper iment : 
Degradation 
of ability to 
detect and 
locate tran- 
sient X-ray 
emissions . 
Mission : 
Degradation 
of mission. 

Exper iment : 
Loss of ran- 
dom tran- 
sient emis- 
sion detec- 
tion. 

Mission : 
Degradation 
of mission. 


Experiment : 
Partial loss 
of ability 
to measure 
properties of 
X-Ray sources. 
Mission : 
Degradation 
of mission. 

Experiment : 

Loss of ex- 
periment output 
data. 

Mission : 
Degradation 
of mission. 


CORRECTIVE ACTION 


DURING 

MISSION 


POST 

MISSION 


None 


Repair or 
Replace 


None 


None 


Repair or 
Replace 


Replace or 
repair 


None 


Replace or 
repair 


RECOMMENDATIONS / 
REMARKS 


There are "many" detector 
modules on the dome. Loss 
of one (or more) detectors 
degrades data but does not 
cause 1 os s of all data. 


SFP 

Loss of all data causes loss 
of experiment. 


Since there are multiple modules 
loss of any one will not cause 
loss of all data. 


SFP 

Loss of signal processing causes 
loss of all data. 











ASTRONOMY SORTIE MISSION 
FAILURE MODE AND EFFECTS ANALYSIS 





EFFECT 

OP 

FAILURE 

FAILURE 

CRITICALITY 

CATEGORY 

CORRECTIVE ACTION 


INSTRUMENT OR 
SUBSYSTEM 

FAILURE MODE 

CAUSE OF 
FAILURE 

CREW 

EXP HUME NT/ 
MISSION 

DURING 

MISSION 

POST 

MISSION 

RECOMMEWATIONS/ 

REMARKS 

COLLIMATED PLANE 
CRYSTAL SPECTRO- 
METER 










Collimator 

Falls to limit 

Improper align- 

None 


Experiment : 

III 


Repair or re- 
place defective 
components 

Partial loss of high reso- 
lution data for both point 
and extended sources. 

(one of three') 

field of view. 

meat . 



Spectral in- 
formation of 
x-ray sources 
will not be 
limited to the 
specified 
bands. 

Mission: 








Minor mis- 
sion degra- 
dation. 





Crystal 

Falls to dif- 

Cracked cry- 

None 


Experiment: 

III 

None 

Repair or re- 
place defective 
components 

Partial loss of high reso- 
lution data for both point 
and extended sources. 

Assembly 
(one of three) 

fract x-rays 
to proportional 
counter and 
pulee height 
analyzer 

stals 



Mil 








Minor mis- 
sion degra- 
dation. 





Proportional 

Counter 

(one of three) 

Fails to detect 
intensity of 
diffracted 
x-rays . 

Loss of inert 
gas. 

None 



III 

None 

Repair or re- 
place defective 
components. 


Pulse Height 

Loss of output 

Failure of 

None 


Experiment : 

III 

None 

Repair or re- 
place defective 
components . - 

Partial loss of high reso- 
lution data for both point 
and extended sources. 

Analyzer 
(one of three) 


electrical 

parts. 



Loss of one- 
third of the 
energy range 
coverage and 
spectral 
resolution. 
Mission: 








Minor de- 
gradation. 
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ASTRONOMY SORTIE MISSION 
FAILURE MCCE AM) EFFECTS ANALYSIS 


INSTRUMENT OR 
SUBSYSTEM 


COLLIMATED PLANE 
CRYSTAL SPECTRO- 
METER 

(Continued) 

Detector Drive 
Mechanism 


Central Data 
Processor 
and Control 
Electronics 


LARGE AREA 
X-RAY DETECTOR 

Detector 
Modules (6) 


Central Data 
Processor 


FAILURE MODE 


Loas of associated 
drive mechanism to 
fine point the 
instrument . 

No output to 
real time data 
management or 
tape recorders. 


Loss of any one 
detector causes 
partial loss 
of ability to 
detect incident 
x-ray energy. 


Loss of pulse 
height analy- 
sis . 


CAUSE OF 
FAILURE 


EFFECT OF FAILURE 


EXPERIMENT/ 

MISSION 


Failure of mecha- 
nical or elec- 
trical parts. 


Failure of any 
associated 
electrical or 
mechanical 
parts . 


Experiment ; 

Loss of all 
data for energy 
range and 
spectral reso- 
lution. 

Mission : 

Degraded 

mission. 


Failure of any 
part of detec- 
tor. 


Failure of 
circuits or 
any of their 
parts. 


Experiment ; 
Loss of ex- 
pected output 
of experi- 
ment. 

Mission : 

Degrsded 

mission. 

Experiment : 
Loas of or 
Inaccurate 
experiment 
output. 


CORRECTIVE ACTION 


FAILURE — 
CRITICALITY DURING 

CATEGORY MISSION 


POST 

MISSION 


RECOMMENDATIONS/ 

REMARKS 


III 


None 


Repair or re- 


place defective 


components. 


Ill 


None 


Repair or re- 
place defective 
components. 


SFP 

Loss of all experiment data 
related to x-ray sources 
in the 0.5 to 10 KeV energy 
range. 


Ill 


None 


Replace or 
repair 


Since there ore six detector 
modules loss any one will not 
cause loss of all data. 


IIx 


None 


Replace or 
repair 


SFP 

Loss of pulse height analysis 
causes loss of output of all 
detectors. 






























AS TROUGH? SORTIE -MISSION 
FAILURE MODE AH) EFFECTS ANALYSIS 


INSTRUMENT OR 
SUBSYSTEM 


PHOTOHELIOGRAPH 


a) 

H- 


FAILURE MCDE 


Failure of J 1. 


CAUSE OF 
FAILURE 


Failure of 


None 


Camera 


shutter 

2. Failure of 
torque motors 
or drive 

3. Failure of 
coocrols 

A. Failure of 
filter 


b) Failure of 
Broad Band 
Camera 


l. Failure of 
shutter 
2« Failure of 
torque motors 
or drive 

3. Failure of 
coocrols 

4. Failure of 
filter 


None 


EFFECT OF FAILURE 


EXPERIMENT/ 

MISSION 


Partial Data 
Loss 


Partial Data 
Loss 


CORRECTIVE ACTION 


FAILURE 
CRITICALITY | 
CATKORY 


DURING 

MISSION 


POST 

MISSION 


RECOtOTDATIORS/ 

REMARKS 


Repair or 
place aa r 
qulred. 


Replace cam 
4 flight a. 


Repair or re- 
place aa re- 
quired. 


Rapiaea camera after 
4 flights. 


c) Failure of 
Spectrograph 


1. Camera 
failure 

2. Misalign- 
ment 


None 


Partial Data 
Loss 


III 


None 


Repair or re- Replace camera after 

place aa re- 4 flights, 

qulrad. 


d) Primary 
Mirror Failure 


1. Harped or 
distorted 

2. Deteriora- 
tion of coat- 
ing. 


None 


Loss of part 
of Astronomy 
Data 


III 


None 


Repair or re- 
place a a re- 
quired. 


e) Secondary 
Mirror Failure 


1. Deteriora- 
tion of cost- 
ing. 


None 


Loas of part 
of Astronomy 
Data 


III 


None 


Repair or re- 
place aa re- 
quired. 


f) Loss of 
Internal Align- 
ment of Man 
Optics 


1. Failure of 
motor , align, 
electr., de- 
tector, or 
Laser 

2. Fail of IDT 
or filter 


None 


Loss of part 
of Astronomy 
Data 


III 


None 


Repair or re- 
place aa re- 
quired. 




















AflmONOKY 8 OR TIB MISSION 

failure mode and effects analysis 





EFFECT OP FAILURE 


CORRECTIVE AC1EX0N 



instrument or 
§UB SYSTEM 

FAILURE MODE 

CAU8E OF 
fAILURS 

CRffi 

EXPERIMENT/ 

MISSION 

FAILURE 

CRITICALITY 

CATEGORY 

DURING 

MISSION 

POST 

MISSION 

RECOMMEHDATIONS/ 

REMARKS 


PHOTOHKLIOGRAPH 

(Continued) 

g) Loss of Focus 

1. Failure of 
motor, align, 
control, elec- 
tronics. 

2. Failure of 
IDT or filter. 

None 

Loss of Fart 
of Astronomy 
Data 

III 

None 

Repair or re- 
place as re- 
quired. 




h) Failure of 
the folding 
mirror. 

1. Failure of 
motor, con- 
trol, fine 
pointing 
electronics. 

2. Failure of 
IDT or filter. 

None 

Loss of Astro- 
nomy Data 

III 

None 

Repair or re- 
place aa re- 
quired. 




i) Failure of 
aperture door 
to open. 

1. Structural 
failure. 

2. Failure of 
motor, control, 
or mechanism. 

1.0 Oe 

Loss of All 

Astronomy 

Data. 

III 

None 

Repair or re- 
place as re- 
quired. 




J) Loss of 
Display 

1. Failure of 
Vidicon. 

None 

Degraded 

Operation 

III 

None 

Repair or re- j 
place aa re- 
quired. 




k) Failure of 
Have Length 
Control 

1. Fart 
Failure 

None 

Partial 
Data Loss 

III 

None 

Repair or re- 
place as re- 
quired. 



XDV SFKTBjO- 
HB.IOGRAPB 

a) Failure of 
Apart ure Door 
to open. 

1. Failure of j 
Actuator, MotozJ 
or Control 

2. Structural i 
Failure 

None 

Loss of 
XUV Data 

III 

None 

Repair or re- 
place as re- 
quired . 



' 

b) Failure 
of Aperture 
Door to Close 

1. Failure of 
Actuator, Motor 
or Control 

2. Structural 
Failure 

None 

* 

Degraded Opera- 
tion due to 
Thermal Un- 
balance. 

III 


repair or re- 
place as re- 
quired. 
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ASTRONOMY SORTIE MISSION 






FAILURE MODE AND 

EFFECTS ANALYSIS 






EFFECT 01 

f FAILURE 


CONNECTIVE ACTION 


IBSODT 01 
SOBfXfXBK 

ruuu NODE 

CAUSE OF 
FAILURE 

CREW 

EXPERIMENT/ 

MISSION 

CRITICALITY 

CATEGORY 

DIRIia.’ 
MISS 10.. 

POST 

MISSION 

R ECCMME1® ATIONS / 
REMARKS 

xxw tracTRo- 

HBLXOGtAFH 

(Continued) 

0) Failure of 
Concave Crating 

1. Failure of 
motor, drive 
machaaiam, or 
control 

2. Structural 
Failure. 

None 

Loss of XUV 
Data 

III 

None 

Repair or re- 
place as re- 
quired. 



d) Failure of 

Film Camera 

1. Failure of 
shutter, shutter 
control, drive 
mechanism or 
motor. 

2. Failure of 
film transport 
mechanism or 
drive motor. 

None 

Loss of XUV 
Data 

III 

t .one 

Repair or re- 
place as re- 
quired . 

Replace .amera after 
4 flights. 


A) Failure of 
Filter 

1. Structural 
Failure 

None 

Degraded 
Operation 
due to los- 
of Ther.al 
Protection. 

III 

None 

repair or r 
plac . as re- 
quived. 



O' Failure of 

Rejection 

Mirrors 

1. Structural 
Failure or 
Miaaligiment 

None 

Degraded 
Operation due 
CO LOi.6 of 
Therrial Pro- 
tection 

III 

lone 

repair or re- 
plac.. as re- | 

qui ed. 



g) Failure of 
Aspect Sensor 

1. Vidicon 
Failure 

2. Electronic 
Part Failure 

3. Mechanical 
Failure 

None 

i 

Degraded 

Operation 


l.oue 

■-•ipair or re- 
place as re- 
quired. 


X-RAY FOCUSING 

xnaconc 









Lmr&e Aperture 
Grazing In- 
cidence Tele- 
scope 

No anticipated 
failure (nodes. 

N/A 

S/A 

S/A 

III 


/A 
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AST5LQNCKY SOR.ni MISSION 
FAILURE MODI AM) EFFECTS ANALYSIS 


EFFECT OF FAILURE 


CORRECTIVE ACTION 


INSTRUMENT OR 


X-RAY FOCUSING 
T ELES COPE 

(Contin^d) 

X-Ray 

Transmission 

Grating 


Filter 

Wheel 


Turret 


Image 

Iateoslfier 

Converter 


FAILURE MODE 


CAUSE OF 
FAILURE 


Binds or freezes Mechanical 

In either of two Malfunction 

possible positions. 


Binds or freezes 
in one of six 
possible posi- 
tions. 


Mechanical 

Malfunction 


Binda or freezes 
in one of three 
possible posi- 
tions. 


Mechanical 

Malfunction 


Fails to convert 
X-Ray image to 
optical image. 


Failure of 
any part of 
converter. 


EXPERIMENT/ 

MLSSiaH 


Experiment : 
Loss of part 
of the func- 
tion of the 
experiment. 
Mission : 
Degraded 
Mission 

Experiment : 
Loss of 
selection of 
data to be 
observed. 
Mission : 
Degraded 
Mission 

Experiment : 
Loss, of 
selection of 
data to be 
observed. 
Mission: 
Degraded 
Mission 


Experiment : 
Loss of 
ability to 
convert 
X-Ray images. 
Mias ion : 
Degraded 
Mission 


FAILURE — 

CRITICALITY DURING 
CATEGORY MISSION 


POST 

MISSION 


III 


None 


Repair 


III 


None 


Repair 


III 


None 


Repair 


III 


Replace or 
repair 


RKXXftODCATIONS/ 

■ram 


Only s portion of the 
data that might ba de- 
sired could be obtained. 


Only a portion of the data 
that might be deeirmd 
could ba obtained. 


Only a portion of the data 
that might be deeirad could 
be obtained. 


Partial loaa of experiment 
data. 
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ASTRONOMY SORTIE HlSblUK 
FAILURE MODE AND EFFECTS ANALYSIS 





EFFECT OF FAILURE 


CORRECTIVE 

ACTION 

INSTRUMENT OR 
8UB8YSTEM 

FAILURE MODE 

CAUSE OF 
FAILURE 

CEO? 

EXPERIMENT/ 

MISSION 

CRITICALITY 

CATEGORY 

DURING 

MISSION 

POST 

MISSION 

X-RAY FOCUSING 
TELESCOPE (Continued) 

Proportional 

Counter 

Loss of output 

Failure of the 
unit or any of 
its parts. 

None 

Experiment : 

Loss of one 

portion of 

the experiment. 

Mission: 

Degraded 

Mission 

III 

None 

Replace or 
i epalr 

Proportional 

Counter 

Electronics 

Loss of output 

Failure of the 
unit or /’ay of 
Its partB. 

None 

Experiment: 

Loss of one 

portion of 

the experiment. 

Mission: 

Degraded 

Mission 

III 

None 

Replace or 
repair 

B-*Sllt 

Cra 

Loss of output 

Failure of the 
uait or any of 
its part. 

None 

Experiment: 

Loss of 

telescope 

pointing 

capability. 

Mission: 

Degraded 

Mission 

III 

None 

Replace or 
repair 

Photomultiplier 
Detector 
Solar Activity 
Monitor 

Loss of output 

Failure of the 
unit or any- of 
its parts. 

None 

Experiment: 
Loss of 
camera ex- 
posure times 
and frame 
rates 
Mission: 
Degraded 
Mission 

III 

None 

repair or 
replace 

Photoeultip Her 

Detector 

Electronics 

Loss of output 

Failure of the 
unit or any of 
its parts. 

None 

Experinent : 
Loss of 
camera ex- 
posure timet 
and frame 
rates 
Mission: 
Degraded 
Mission 

III 

None 

kijpe ir or 
replace 


RECOMMENDATIONS/ 

REMAKES 


Loss of a portion of 
experiment data. 


Loss of a portion of 
experiment data. 


Loss of quality of 
experiment da. a. 

o ..eplace camera after 
4 flights. 


-oss of quality of ex- 
periment data. 


Loss of quality of 
experiment d; te 


































ASTRONOMY SORTIE MISSION 
FAILURE WDE AND EFFECTS ANALYSIS 



i 


EFFECT OF 

FAILURE 


CORRECTIVE AC. ION 



INSTRUMENT OR 

SGXIYSUH 

FAILURE MODE 

CAUSE OF 
FAILURE 

2 . 

EXPERIMENT/ 

MISSION 

1 f AiLUKfi 
CRITICALITY 
CATEGORY 

H9B 


RlCCjICJIUTIONS/ 
R El ARKS 


ccaiaiM (ic) 

a) Failure of occult- 
ing disk assembly 

1. Mechanical 
failure result- 
ing In misalign- 
ment. 

2. Failure of 
drive mecha- 
nism or motor. 

None 

Loss of IC Data 

III 

None 

Repair or re- 
place as re- 
quired . 




b) Failure of Op- 
tical Aiisy . 

1. Misalign- 
ment 

None 

Ix)S 6 or degrada- 
tion of IC Data 

III 

None 

Repair or re- 
place as re- 
quired. 




c) Failure of 
Film Camara 

1. Failure of 
'BbUtteK, control, 
drive mechanism 
or motor. 

2. Pailure of 
film transport 
mechanism or 
drive motor. 

None 

Loss of IC Data 

III 

None 

Repair or re- 
place as re- 
quired . 

Camera life limitation 
50,000 cycles - Replace 
every 4 flights. 



d) Failure of 
Aspect Sensor 

1. Vidicon 
failure 

2. Elect, part 
failure 

3. Mechanical 
failure 

None 

Degraded operation 

III 

None 

Repair or re- 
place as re- 
quired. 




a) Failure of 
Thermal Mirrors 

1. Misalignment 

None 

Degraded operation 

III 

None 

Repair or re- 
place as re- 
quired . 




(Same as a) thru 
a) above) 

Same as above 
for Fall Modes 
a) thru e) 

None 

Same as above for 
Failure Modes a) 
thru e) 

III 

None 

Repair or re- 
place as re- 
quired. 


optical «a 

a) Misalignment 

Structural 

Failure 

None 

i 

loss of IC or OC 
data or both 

III 

None 

Repair or re- 
place as re- 
quired. 


numcQR in 

a) Failure of 
7-12 Camara 

1. Launch A 
Ascent Environ- 
ment 

2. Wear out 

None 

Partial loss of 
Kxp. Data 

III 

None 

Replace failed 
item. 
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ASTRONCBC SORTIE MISSION 
FAILURE MODE AND EFFECTS ANALYSIS 






DQTXHDT Oft 
SCUTE OM 


CAUSE OF 
FAILURE 

EF1 

»CT OK FAILURE 

FAILURE 

CORRECTIVE ACTION 



FAILURE MODE 
b) Pallor* of 

£RBf 

EXPERIMENT/ 

MISSION 

CRITICALITY 

CATEGORY 

DURING 

MISSION 


REMARKS 


JlUUUHfUn XXX 

(CORD) 

F-96 C«r< 

1. Launch & 
Aacant Environ- 

2. We a rout 

Nona 

Partial loaa of 
Exp. Data 

III 

None 

Replace Vailed 
Item 




c) Failure of 
Low SpMd, HI 
RmoI Spectro- 
graph 

1. Caaera Failure 
due to Launch Env 
or Wearoat 

2. Mia alignment of 
Mirror* , Collimater, 
grating, or Camara 
due to Launch Env 
or Spec* Thermal 
Env. 

Nona 

Partial ioas of 
Exp Data 

III 

None 

Replace failed 
Item 




d) Pallor* of 
High Spmmd, Lav 
Rj**ol Spectro- 
graph 

1. Caeera failure 
due to Launch Env 
or Wear out. 

2. Misalignment 
of mirror*, Colli- 
mator, grating, or 
Camera due to 
Launch Env. or Space 
Thermal Env. 

Mona 

Partial loaa of 
Exp Data 

III 

None 

Replace failed 
item 




•) Primary 
Mirror Dls- 
Cartvd or 
Misaligned 

1. Warping doe to 
thermal environment 

2. Support struc- 
ture misalignment 

None 

Pose lb la loaa 
of all 

Astronomy Data 

II 

Adjust 
force 
actuators 
on mirror, 
adjust temper- 
ature , or 
adjust tilt, 
focus, or de- 
center to 
compensate 

Repair aa 
Repaired 

Critical SFP 



f) Primary 
Mirror Con- 

taainarai 

1. Materials Out- 
gasalng 

2. Spacecraft 
Propulsion 

Bone 

Possible lose 
of all 

Astronoay Data 

n 

None 

Clean Mirror 

Critical SFP 



g) Secondary 
Mirror dis- 
torted or 
■la aligned 

1. Warping doe 
to Thermal env. 

2. Support 
structure mis- 
alignment 

None 

Possible loss 
of all 

Astronomy data 

ii 

Adjust Tilt, 
focus, decan- 
tering to 
compensate 

Repair aa 
required 

Critical SPP 
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EFFECT OF FAILURE 


DPTimCTT OR 



smicscon hi 
(cams) 


CAUSE CF 

FAILURE MODS FAILURE CREW 


h) Secondary 1. Materials None 

ailrror cent sad- oatgmln g 

2. Spacecraft 
propulsion 

i) Failure of 1. Launch and None 

beam directing accent environ- 

mechanism meat or space 

thermal env. 

J) Failure of 1 . Misalign- None 

aperture door to aent or 

open binding 

2. Failure of 

drive motor or 

actuator 

k) Pallor* of 1. Misalign- Nona 

aperture door to sent or 

cloee binding 

2. Failure of 

drive motor or 

ectuetor 

l) Failure of 1. Misalign- None 

light shade to sent or 

extend binding 

2 . Drive motor 
or mechanism 
failure 

la Misalign- Nona 

meat or binding 
2 . Drive motor 
or mechanism 


experiment/ 

MISSION 


Posaible lots of 
all astronomy 

data 


Possible loee of 
all astronomy 

data 


Lose of all 
astronomy data 


None 


Loaa of or 
degradation of 
astronomy data 


Inability to 
return telescope 
into bay for 
return to earth 


m) Failure of 
light shade to 
eloee 


failure 


CORRECTIVE ACTION 


FAILURE 

CRITICALITY 

CATEGORY 

II 


II 


II 


III 


II 


II 


DURING POST 

MISSION MISSION REMARKS 


None I Clean mirror I Critical £FP 


None Repair as Critical SFP 

required 


Non * Rnpair aa Critical SPP 

required 


Program operation Repair ae 

to prevent point- required 

ing at bright 
light* 


Nona Repair a* Critical SFP 

required 


Jettison light Repair as Critical SFP 

•hade or total required 

telescope 
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ASM GH&C SUBSYSTEM 


IHSTHDieHT OR 


SUBSYSTEM 

ATM DGCMGa - 
function* arc to 
stabilize the 
Shuttle Orblter in 
an X-POP (X-axis 
perpendicular to 
the orbital plane) 
attitude, and to 
provide ability to 
maneuver the Shuttle 
Orblter 

ASM PALLET RATE 


FAILURE MODE 



Loa* of ability to 
maneuver the SO 


GYRO PACKAGE - 

function* are to Los* of SO body 
measure SO body rate* input to 

rate*. Inputted CMS system 

to CMG system to — 

stabilize SO, Loss of rate input 

inputted to a set for computation 

of strapdown of SO attitude 

equation for 
computing SO 
attitude. 


ASM TELESCOPE RATE 
GYRO PACKAGE - 

function, arm to Lo.. of tele.cope 

measure ASM tele- .tablllty 

scope rotational — — — — — 

rates for input to Loss of telescope 

telescope fine pointing capability 

stabilization sys- 
tem for stability 
requirements, and 
for input to a aet 
of strapdovn equa- 
tions of computation 
of telescope 
attitude 


cause ae 

FAILURE 


Failure of the 
circuitry or its 
associated parts 


Failure of the 
circuitry or its 
associated parts 


Failure of 
circuitry or its 
associated parts 


ASTRONOMY SORTIE KISS I CM 
FAILURE MODE AND EFFECTS ANALYSIS 


EFFECT CP FAILURE 

EXPERIMENT/ 
MISSION 


Failure would 
result in loss 
of mission 


Failure would 
result in loss 
of mission 


Failure would 
result in loss 
of telescope 
expert man t 


CORRECTIVE ACTION 

FAILURE — 

CRITICALITY DURING PC8 T 

CATEGORY MISSION MISSION 


III Nona - No EVA Inspect and 

during mission repair as 

necessary 


II None - No KVA Inspect and 

during mission repair as 

necessary 


II None - No KVA Inspect and 

during mission repair as 

necessary 


RECOMMENDATIONS / 
REMARKS 


NgW: TWo of the three ATM 

DGCMSs will perform the 
required function* 


Critical SFP 


Critical SFP 











ASTRONOMY SORTIE MISSION 
FAILURE MODE AND KPFECTS ANALYSIS 


INSTKJJCNT OR 
SUBSYSTEM 


THREE STRAPDCWN 
STAR TRACKERS - 
function* are t » 
measure tol'-copo 
attitude, tr update 
both the SO and 
telescope strapdosn 
equation*. For the 
SO strapdovn 
tiono, the measured 
telescope attitude 
must be reflected 
through the tele- 
scope* vide angle 
gimbals. 

TWO WIDE ANCLE 
GDBAL EXPERIMENT 
POINTIN G ASSEMBLIES 
The telescopes and 
High Energy Arrays 
are mounted on two 
separate vide angle 
gimbals, one glnfcal 
points the Telescope 
and the other pointe 
the High Energy 
Arrays with respect 
to the SO. 


TKLESCOH2 FIRE 
STABILIZATION 
ASSEMBLY - 
function Is to 
stabilise the 
Telescope vitb 
respect to tbs 
SO. Three (3) 
rotations 1 degrees 
of freedom to com- 
pletely Isolate the 
telescope from SO 
perturbation 


FAILURE MODE 


EFFECT OF FAILURE j 


CORRECT) 

[VE ACTION 

RECOMMENDATIONS/ 

REMARKS 

CAUSE OF 
FAILURE 

CREW 

EXPERIMENT/ 

MISSION 

FAILURE 

CRITICALITY 

CATEGORY 

DURING 

MISSION 

POST 

MISSION 

Loco of telescope 

Failure of 

— 

None 

Failure would 

III 

None - No EVA 

laipmct end 

NOTE: It is conceivable 

attitude data to 

circuitry or 


result in loss 


during mission 

re |*lr as 

Chet two of the three STs 

update the tele- 

its associated 


of experiment 



necessary 

could eupply adequate data 

scope and SO strap- 

parts 


pointing end 




for updating strapdoea 

dovn equations 



possible lose 




equations 




of mission 





Loss of vide angle 

Circuitry, 

None 

Failure would 

II 

None - No EVA 

Inspect and 

Critical SPP 

global for pointing 

mechanical or 


result In loss 


during else ion 

repair as 


of Telescope 

wheel jamming 


of Telescope 



necessary 





experiment 





Los* of Telescope 

Failure of 

None 

Failure would 

II 



Critical SFP 

Wide Angle gimbal 

circuitry or 


result in loss 





readout 

associated parts 


of mission 





Loss of High Energy 

Circuitry on 

None 

Failure would 

III 




Array G imba 1 for 

nmchanlcal 


result in loss 





Pointing 

failure 


of High Energy 








Array experiment 





Loss of Telescope 

Failure of the 

None 

Failure vould 

II 

None - No EVA 

Inspect and 

Critical SFP 

fine stabilization 

circuitry or its 


result in loss of 


during mission 

repair as 



associated parts 


telescope 



neeieaaxy 





experiment 
















ASTRONOMY SORTIE MIS SICK 




DtSTRDIdlT OR 
SUBSYSTEM 


FAILURE MODE 


CAUSE GP 
FAILURE 


FAILURE MBPS AMD EFFECTS ANALYSIS 


EFFECT OF FAILURE 


EXPERItCNT/ 

MISSION 


FAILURE 
CRITICALITY 
CATEGORY 


CfflffllCTm ACTION 


DURING 

MISSION 


POST 

MISSION 


1. Display, CRT 


2. Generator, 

fAilti function | 
Syafcol 


3. Keyboard 
Subsystem 


Display loaa or 
degradation 


Loea of CRT 

diaplaya 


Loaa of experi- 
ment command 
capability 


Electrical 
failure or 
phoaphor 
degradation 

Sync, timing, 


or refreah 
failure 


Incorrect or 
no output 


Degraded experi- 
ment and aupport 
S/S monitoring ° 
capability 

Loea of experi- 
ment and support 
S/S monitoring 
capability 


Probable 
termination of 
experiment 
operation 


meat operation 
may continue 
using one CRT 

None 


Replace - See 
Remarks 


Repleee failed 

unit 


Repleee failed 
unit 


Rep lei 


RECMMETOATiattt / 

amp 

TVo CRT displays are presided 
eeeh having the identieel capa- 
bility to display experiment 
video and/or eempster data 

Note: Unit provide* two channels 

of date handling, one for eeeh 
CRT. Ade qu a te red and an gy to 
eliminate SFNe effecting both 
CRT* or backup required 

Provide redundant subsystem or 
on-board spare. Critical SPP 


4. Viewer, 
Microfilm 


Loaa of 
display 


Projection 
system and/ 
or film 
transport 


None 


Loss of proce- 
dure* display 


III 


Uaa hard copy 
procedures 


Replace 


5. Controller, 
Hand 


Loss of manual 
pointing control 


Electrical or 

mechanical 

failure 


None 


6. Mission 
Time 
Display 


Loaa of Readout 


Electrical 
failure or 
burn-out of 
display 
elements 


None 


Operational III 

degradation due 
to loss of manual 
control of target 
acquisition 

Possible degrade- III 

tion of experiment 
data if sequence 
start tima 
critical 


Replace with 
on-board spare 


Repleee 


May be possible 
to display time 
on CRT 


Replace 


Prtwlde on-board spare ax^ provide 
re dun dant cabling in console 


7. Timer, 
Event 


Readout or 

command 

(Start/Stop) 

Loea 


Clock, display 
element, . or 
electrical 
failure 


Nona 


Unable to time 
sequences or 
provide auto 
atart/etop of 
timed sequences 


hi 


Use mission time 
display as backup 


Repin 










ASTRONOMY SORTIE MISSION 


FAILURE MCDE AND EFFECTS ANALYSIS 


Payload Control and Display Console Subsystem j [ 
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EFFECT OF FAILURE f 


CORRECTIVE ACT [ON I 


INSTRUMENT OR 
SUBSYSTEM 

PAILURE MODE 

CAUSE ® 
FAILURE 

CREW 

EXPERIMENT/ 

MISSION 

FAILURE 

CRITICALITY 

CATEGORY 

DURING 

MISSION 

POST 

MISSION 

RECOtflSNBATIGKS/ 

REMARKS 

8. Indicator, 
Advisory 

Loss of display 

Loss of bus 
voltage, lamp 
burnout , or 
loss of signal 

None 

less of an 
Individual 
Alert Status 
Indicator 

III 

Status may be 
displayed on 
CRT 

Replace 

NOTE: Bus voltaga and Imp 

elements hava design redundancy. 
Functions monitored are non- tin 
crew action 

9. Recorder 
Strip Chart 

No or Eratic 
output 

Element , ampli- 
fier, or power 
supply failure 

j 

None 

Loss of an 
individual 
channel of 
data recording. 
Losa of all 
channels for power 
supply failure. 

III 

Use alternate 
channel , If 
possible 

Remove and 
repair 

Provide redundant power supplies 





j 
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APPENDIX Bl-1 
PAYLOAD DATA ANALYSIS 


INTRODUCTION 

This appendix defines the data requirements for the Baseline Payload 
Combinations. Data rates and formats are derived from the instrument 
Baseline Experiment Definition Documents (BEDD's) of Volume II, Book 2. 
Operating times are derived from the on-orbit operational sequences. 
Total data to be stored on board is calculated for the proposed mission 
and requirements for immediate display of data are indicated in per- 
centages of the incoming data. Data to be telemetered during the 7-day 
mission consists mainly of engineering and status data to inform the 
Principal Investigator at the Space Astronomy Control Facility of ex- 
periment operation. A sampling of scientific digital data from the 
Infrared Telescope and the arrays is included. 
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am AM6LYSSS FDR PAYLOAD: SOU?-. 1-2 


SHEET t OF . 


PAYLOAD SSi&>2 


source/cuss 

format 

DATA RATE 

OPERATING 
WIDE, i TIME 


■■■KMiSSU 

Mat-ara 

r?A 



STORAGE 

REALTIME 

CALL-UP 






film/tape 

DISPLAY 

DISPLAY 

[cEEKGSIum 

■ 











BTOTOBEUO&RftPH - (PRG) 


W 10 SEE. 

(FUNCTION 







SCtMmFiC. BROADBAND CAMERA 

HLM 


15/000 FRAMES 

— 

— 

— 


H-ALPHA CAMERA 

FILM 

IFR/i-IOSEC 

OF SOLAR 


2ipOOFMY£S 

— 

“ 

— 


SFECTYOGRAPW 

FILM 

er/yo-mhoosec 

activity) 


3UBFWMS 

— 

— 

— 

()51R=513XI0'SEC) 

BLClHmSG^TUa/OTERATiaN) 

DIGITAL 

I500BPS 

fcCMTIN) IS! H 


EIH.S MB 

267. 

~ 

(207} I12.1IAB 

H-ALTAA MONITOR. 

ANALOG 

HMM. 

CONTINUOUS 


2tN10t0 

lOCflo 

— 

' 


SU£9fSTEM,SIBWRT: P(.CS 

DIGITAL 

SEWST 






(.St) I.TGNIB 

(i58H--5c>ax\o i sec.) 

POWER 

DIGITAL 

ROSTS \ 

JANT1N,) I5BH 


35.22MB 

IT. 

5t 

THERMAL 

DIGITAL 

10BTS J 







PfNL0AD°2 - 












ifr/smin 








SCIENTIFIC 

FILM 

fcONTTN) 151 H 


3020FTAMES 

— 

— 

— 


ENGINEERING 

DIGITAL 

feOKPS 

tONTTN) 151 H 


22.58MB 

10*1. 

Ztft* 

(JOT) S.S2MB 


INN ER t OUTER CCTONAGRAPHS (\cioc) 


ifr/smin 

(&BIDN) ISIH 







scientific; ic 

FILM 


3020FRBAES 

— 

— 

— 


oc 

FILM 

ifr/smin 

ICONTIN) 15IH 


3O20FMIAES 

— 

— 

— 


Q1GWEER1NG 

DIGITAL 

\OObfS 

fcONTYN) 151 H 


51.3 MB 

ict 

20 1. 

(20t) I.OIMB 


SrRAYmEGCfOFE (*RT) 









(max wsurkit-ifr/^c.) 

SCIENTIFIC: IMAGING SYSTEM 

FILM 

ifr/ij sec 

&4t(pF15IH) 


5000 nuns 

— 

— 

— 

SPECTROGRAPH 

DIGITAL 

2.00QBPS 

iei.Cofisih') 


130.3 MB 

It 

— 

(it) 1.31MB 


COUNTER 

DIGITAL 

2000BT5 

2T.L0F 151 H) 


21.1MB 

It 

— 

(It) 0.22MB 


ENGINEERING 

DIGITAL 

8 BPS 

CONTIN.) 151 H 


1.3MB 

lot 

201. 

(20t) OlBCMB 


SIIRRYRTFNI.RMPPORT-P^c. 

d\gitm 

MO BPS ^ 








RJlAIER 

DIGITAL 

30 BPS } 

(£0NTIN.)l5AH 


5L2MB 

It 

5t 

(51.) 2.SIMB 


THERMAL 

DIGITAL 

20BPS J 








ANALOG 

3KH2 

AS REQUIRED 


IDOt 



2Wt 


MONITORS 








H- ALPHA (PAYLOAD ”2) 

ANALOG 

HMH2 

CONTINUOUS 


2t-IM>ED 

ux n« 

— 

— 


R- ALPHA SLIT (XRT) 

ANALOG 

3MH2 

m.(0FI5IH) 


- 

loot 

- 

- 


SOLAR ACTIVITY (XRT) 

DIGITAL 

I20BPS 

kONTIN) 151 H 


E5.2 MB 

1001. 


(207.) I3.04IAB 

5C1KTILUTI0M DETECTOR 

X-RAY (FULL SUN") 

ANALOG 

HMH? 

cjdntiviuous 


27oV IDEO 

lOOt 






(DIGITAL') 

Ihoumwm$ 

)?RAME/ ORBIT) 


(2.51 NIB) 

— 

~ 

(2.51MB/0RBIT) 

(.525TV LIMES, Q'8) 

xuv (rju_ sun') 

ANALOG 

HMH1 

CONTINUOUS 


2t VIDEO 

1001. 






(DIGITAL) 

(HOUMITAME) 

(\F?ilM./ORBlT) 


(2.51MB) 



(2.51 MB /ORBIT) 

(525TVUV1LS, 0-8) 

[maximum) 

DIGITAL 

3110 BPS 



12013 MB 



I10.2GMB 



(ikbps) 



(I2IGB) 



/PIUS 5.18MB \ 







[PLUS Ili.CMB FOR 1 


TER ORBIT FOB 







Wray (xuv monitors/ 


\HW(HIV MAN./ 



FILM 




5L^(,OFRAMES 



— 



ANALOG 

4MH? 



















z. 

















DATA ANALYSIS TOR PAY LOAD 


50UR.CE/clA5S 

TELESCOPE. - STRfcTOSLFETtL 
saoswic. sseciemfH/poLAmtTER 

REID CAMERA 

Q»&\NSR.m&(s\¥\\is / femsT\ m) 
REED MONITOR 
SUBSYSTEMS .SIXITORT 

pc As , rewtR thermal 

(32*) Go) J 00) 

ARRAY -MABttl) BAUD ^CTRMa/pcUR. 

saomnc. signal puises 
COANY RATES 
ENGINEERING 
SUBSYSTEMS , SIWWVRT 
PtC.TNING, POWER 
0® ^2W lM) 

emwmbit suwokt -arr fW 


FORMAT DATA RATE. OPERATING 
MOLT ^TIKAE 


film (o mavi 1 ifr/niin noA\ nun 

RLM (!) 0 MVi) \ PR / IOMI N HO/'U MIN 
DIGITAL 22.00 BPS tiUl) HOW SOM 
ANALOG 4VAH2 CONTINUOUS 

DIGITAL toEBPS i&0NV)l55’rt21V) 


DIGITAL 

DIGITAL 

DIGITAL 

DIGITAL 


\bOO BPS 1 '^) \S2A2.2M 
I DOBPS ) 

BBPS CBMT)lS5H2UNI 


St BPS 

o 


0 1 SWUM 


5QEI WWC 
Engineering 
reference, data 

DIGITAL 

DIGITAL 

DIGITAL 

GUO BPS 
It BPS 
U BPS 

pXt) 152N77M 
ittMO IS 5 *20 M 
CDNT) \5GWS0WI 

■saamFiC'SUppoRT 

DIGITAL 

\ 20 BPS 

fcCNT) tSCHSOtfl 

EM ANNOTATION) 

ANALOG 

3KWi 

AS REQUIRED 

mmt) 

DIGITAL 

HITtBPS 

b^KWS") 



PILWI 




ANALOG 


HMlte 




DATA ANALYSIS FOR PAYLOAD STELL AR SAC _ 


SWEET I OP 

PAYLOAD 'SAC- 


SOU R.C.E / CLA SS 


TELESCOPE -STKfcTDSCOflf. El 
SatHT\LCSVSCTM»Ptt/iOmWETER 
FIELD CAMERA 

BIQNEERVN& SnflUS OPERATION 
f\ELD NONETOR 
SUBSYSTEMS SUPPORT 
PC. 4S , POWER TTWAAL 

&) 5 oa>‘ ua) 

WRAYS (GROUP c) 

*L SC\BT\PtC: DETECTOR 
S\H£LD 
ENGINJEERING 

^surnli^E, twvw&.-tomerD 

*Z SQEVfTITKl: DETECTOR 
SMRLD 

COLLIMATOR VETO 

EHGINES5UHG 

S&SVLtHC. jTftAVMG , POWER) 
T/MUPVTOiT- SUPPORT - (ARMY) 


SC\E*mR\C 
ENGINEEWN& 
REFERENCE WTA 

SClEUTlPUj- SUPPORT 


f MAYlMUM) 


FORMAT DATA RATE 

MODE. 4 TIME. 


D ISPOSITION OF DATA , ^ _ 

RULTAAE.I CALL-UP IteLEMETEK TO COMMEJTFS/NOTt S 


DISPLAY DISPLAY GRD l°t) TOTAL 


FWM TOMM 
E\LM HO MM 
D\G ETAL 
ANALOG 

D\G\TAL 


DtG\TAL 

D\G\TAL 

D\G\TAL 

D\GVTAL 

DLGYTAL 

DIGITAL. 

Dl&YTAL 

DLGLTAL 


I DIGITAL 


\to./m\n 
vpr/\gva\n InoMi mu 

2200 BPS (C&NT)mU3AM 

UVA«E continuous 


TmfttMES 
1W FRAMES 
mb MB 20T® 
21®rVU>E0 1001 o 



(Z0Vo) \8WMB (l VRR30M=R30X\0 S SEc) 


L2BPS [cOND\55W2TM 3VIMB 11® S^o t^lo) V/IUMB (\SSR2’)VI-560XtO*SBC) 


1 12.0 BPS 
WBBP5 
RE.PS 
32B9S 
T200BPS‘ 
32BPS 

\fcRPS 

saps 


C£*JT')\E2M2TM 

£0NT) 15SY21M 
(£JNT)\5SHinN\ 

ICOMT) \52VkZTM 

I 

QONT) l55H2nw 


DIGITAL GNOBPS. ObNT)l52U21M 

DIGITAL l£> BPS fONT)l55«2TM 
DIGITAL REPS IfCHT) I5GR10M 


120 BPS 


T) IS4H36M 


iodi.smb 0.11* 

4-.5MB Ho 
H.1MB \1® 

nB0.3MB 0.11® 

U.SMB \°i° 


35I.DNIB 

B.RMB 

Z3MB 


6T.nMB \oio 


ANALOG 3KW£ I ASREGXIR.BD 


DIGITAL B302BPS 
(8.3 KBPS) 


AYJKlO& HMWZ 



LOO 5 !® 


1211 MB 
(M3GB) 


B5RFWMES 





(lit.) lOTtAMB 

(201®) O.CTMB 
(51®) 0X1MB 

(\1®)mOMB 

i2.o°i») aaoMB 


GAMMA-RAY 

SPECTROMETER 


LOVO BACKGROUND 
GAMMA- RAY DET E CTOR 
(j52»2DMc SRBtW^SLC) 



— (wajJussmTR array »\) 


(H®) 3.50MB 
5*3o (5%) 0.H5MB 

lOlo (ltd®) 0.23MB 

VOlo ll01») GHIMB 


VWOE COVERAGE X-RAY 
DETECTOR 

()%»3DM=SfeMX U^SStf) 
FLUX. DFTOCBR- SA A 























am analysis tor pavudad: stellar 


source/class 


FORMAT DATA RATE OPERATING- 

IIAKr A — . . _ 


MODtfRME 


TELESCOPE - SlRATtvSftuy Tjy 

I WUA (70MM) \ FR. / Mm ^ ^ 


fieldcameea 

E\&lNEELWG<Sna\T>/ a?ERAT\0N) 
REID MENTOR 
BuES,VSTEMS SUPPORT 
pets 
POWER 

thermal 


ier/iomin 

P*'™- eioobps (cmrt\m30Mi 

AMAU 5 G 4 MR CGttTWmiAS I 


DIGITAL 

DIGITAL 

digital 


32 . BPS 
20BPS 
I0E9PS 


I55U 21M 


iSRKT-LAR&E MOD. COLLIMATOR 
’5a&ST\FlC‘. SIGNAL PULSES 

W)K1 ITOR PulSES 
ENGINEERING 
SlWEs&tehs, support 
p£c 
timing 

POWER 


saaanwc 

EMQMEE 0 N& 
REFERENCE DATA 

’SCIENTIFIC.-- SUPPORT 


: -Carrky) 


DIGITAL 
| DIGITAL 
DIG1TAL 

DIGITAL 

DIGITAL 

digital 


ugttal 

digital 

digital 


ZZ4-RPS 
34 BPS 
’4 BPS 


'«>W? jW'SJHZDM 

° 1 DBPS ioNT) 1 S 5 AZ 7 M 


&) 159 * 211 * 


GAO BPS (co«f) I5LH71M 
itws lewd \s 5 nxm 
HBPS (CCNT) \ 5 t& 30 M 


I DIGITAL 12DBPS 




0300 ANNOTATinM 


(analog 


5 KR* 


AS> RTOUtRED 



DIGITAL HR! HEPS 
Ih.mct,?^) 


FILM 



SWEET I OF 




DISPOSITION op OAT A 


REALTIME CALL- UP 
disfuy DISPLAY 


1 ITO FRAMES 
DI4FPAHE5 
^4G MB EO'Tt, 
2 7 .-VIDEO 100 % 


(jO%) IB 7 MR 


34/1 MB Wo (e%) i.trmb 


PATLOAD BAD 
COMMEMTS/WOTE S 

(\W»BOM’ 430 MC?SEC) 
( 1 SSHZ 7 M- SfcOXtfSK.) 


l 

^z.ome an. - i^) stimb (iszhetnp siawoHcc) 

5D.HMB 17. T~ Mcn 0 ) 10. 1 MB 

W.IMB ]% 57, (57.) 7.05MB 

7-3M8 107. Itfh «b!Jb (.SGH^SAHX.O 3 ^) 

G7.1MB 107. >07. (l0%) C.77MB RJJOL DETECTOR - SAA 

^ ~ ~ 2 «. 
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,vTA ANALYSIS FOR PAYLOAD: 


source/class 


FORMAT DATA RATE. OPERATING 
MODt^TIWlE 


SHEET l OF 

PAT LOAD IA S. 


DEPOSITION OF DATA 


KEJOIUE CALL-UP 
DISPLAY DISPLAY 


COKAVIEMTS/NOTF S 


HELD MfilHTBR 
SSKSYSTCMS, SUPPORT 
PC-fcS 
TOWER 


film (novAvO ifr/niin To/'ll nun 

FILVA I'lAMA) IFR/lOMIN lO/ll NUN 
DIGITAL 2200 BPS CART IVUi EC VI 
ANALOG- UMH2 CDNTNUOUS 


DIGITAL 32BPS 'll 

DIGITAL. 20BPS |falV) I55VI2TM 

DIGITAL. IOBPS if 


arrays Caamv E) 

-*i scientific 

ENGnOEEUNG- 

•skairc C^,-^l,rwe&) 

«E SCIENTIFIC 
ENGlUEERlMG 

S&SUIT (Pt£,TIMl»lb,»WBO 

^igMarr.suPWRT - (raSJY) 
SCIENTIFIC 
BiGIWEBRiRCr 
RSFEEERCE. DATA 

3DElNIRC-£ftWDRT 


DIGITAL HOOD BPS C«t) IS2H21M 

DIGITAL I GORES eCNT)lSSH21tA 

DIGITAL 4 OBIS (05NT) IS5U21M 

DIGITAL 12SOBES b»r) I5X&21M 

DIGITAL 3WS (Can) ISSA21IA 


DIGITAL U40BVS DONE) 152W21M 

DIGITAL I GBPS p»T) ISSWTWl 
DIGITAL- H&PS l££»5T) I5GH30M 


DIGITAL. I2GBVS 


I5LR30M 


3KS2. AS REQUIRED 


TIM OFEMAES - 

im frames - 

14GIAB 2Q1a 
21» NIOEO 1001a 


2142.0 MB Olio 
S1.GMB 11a 
22.HMB n. 

102.0MB 0.11a 

*1.5 MB n. 


351.0 NAB 

B.1 MB 
2.3 MB 

61.1MB 


IOO«Ta 


DIGITAL *2 530 BPS 
(S4ICBPS) 




Uo-lO IWVAB mVWOONI' 130X10* SE) 


341MB \1a 51e ( 51a) 1.11MB I (\55U21N\^SG0m 1 SEC) 


ClO 21.12MB 
(2in») 11.12MB 
(Gla) 1.12MB 



(j°G) 1.02MB 
l2JD1a) 010MB 


InJ 3.50MB 
CSV 045MB 
ClWai 0.23MB 


LARGE AREA X-RAY 
DETECTOR 


CDimfcTED PLANE. 

QWSAL SPECTROMETER 
(WtUlOttWTIA ARRAY «\) 

WIDE COVERAGE. X-RAY 
DETECTOR 

(l5Ctt3CM=5G4X I0 3 SEC) 


(,!DfV G11MB FLUX DETECTOR- S.A A 


2?;o.siiab 


























DATA ANALYSIS TOR FAYLDAO. STELLkR H AS. 


source/class 




-IN1YART0 
SC\E»mP\C.DETt£TDR ARRAY OIGITAL 

iNrvRREt?mETR.R digital 

ENG\^t«.\NC^SWUSjb?mT»H DIGITAL 
FIELD MONITOR ANALOG 

SUBSYSTEMS , SUPPORT DIGITAL 

ARRAY - fftttHM SAKD SPEOTO»/lOUR\M. 
5QEMTVFIC SIGNAL HIVSES DIGITAL 

COUNT RATE'S DIGITAL 

ENGINEERING DIGITAL 

SUKSVSTEVlS, SUPPORT 

V»iC TIMING , TOWER DIGITAL 

01V UO) ' CM) 


FORMAT DATA RATE CRATING 

mode $ time 


200BPS 33').(pF < ^SUlC 
I260BPS m(W SESHR) 
IlfcOBPS £CNT)l55U5HM 
UMHB CONTINUOU £ 
200BPS (£ONT) 15511 54 VI 


IOOOBPS |y*iT)\541i5\M 

IOOBPS 

S BPS lCt*t) I55W2QM 
3fe BPS (CDNT)l5£>H45M 


SHEET I OR 

PAYLOAD HAS 


D ISPOSITION OF DATA J , 

KEAlTIME|CML-'UP iTELEMETlk TO ‘ COMME.VfTS/NOTE S 


DID PL AY I DIE FLAY I GKi) l c L) TOTA L 


21.7 MB l*lo 
I2T1MB llo 

G53.0MB 201^ 

Z'l.-VIOEO IOO°lo 

112.3MB H. 


{.14.0MB O-llt 

4.5MB H» 


20.4 MB 


Clio') 0.71MB 
Olo) 1.21MB 

(2Cn 0 ) ISO. LONE (\5SW5HM-5E2Mo‘ i See') 
5°)o (5f») S.fcIMB 

— • (He.) G.I4MB (l54HSIM=55&t\0*Stc) 

5 °7o (20°lo) 0.4 MB (l55H20NP540H.I0 1 StO 

5°h (50 1.02MB (l5C.445M--5G5X\0 i SEC) 


- ARRAY 


SCIENTIFIC 
ENGINEERING 
REFERENCE DATA 

SCIQJTIFVC- SUPPORT 

CEEN ANNOTATION 


(marimum 



DIGITAL 

DIGITAL 

DIGITAL 

digital 

ANALOG 


DIGITAL 


ANALOG 


340 BPS ’G3NT)I54NS1M 
I GBPS [CfiNY)\55tt20M 
4 BPS (CfiNT)\5GR45M 


Y7.0BPS, 


) I5GW45M 


3 KWB AS REQUIRE? 


4484 BPS 
(4.5 KBPS) 



354.GMB O.Ho 
4.0MB n. 
23 MB VOTo 

GT8 MB IO”l» 

loono 

mmwfe 

(2.0 GB) 


WIDE CONTRA Gt TRAY 
(Ho) 3.G0MB DETECTOR 
(Slo) 0.45MB 
0.73MB 

(lO"] 0 ) G.18MB FLU1DETECTDR-SAA 



15G.BMB 





















DATA ANALYSIS TOR PAYLOAD: 


SOURCE /CLASS 


TELESCOPE -INFRARED 

SCIENTIFIC. DETECTOR ARRAY 
INTERFEROMETER 

engineer\no(stktus^perkt>on) 

FI aD MONITOR 
SUBSYSTEMS, S' WPORT 

ARRAYS (GROUP C) 

*1 SCIENTIFIC! DETECTOR 
SHIELD 
ENGINEERING 

S/E>,SUPT (Pt^TIVlING, POWER) 
«2 SCIENTIFIC '.DETECTOR 
SHIELD 

COLLIMATOR VETO 

ENGINEERING 

s/SjSUPT. (V^C TIMING , POWER) 

FQUVPMEMT'SUVTORT - (ARRAY) 
SCIENTIFIC 
ENGINEERING 
REFERENCE DATA 

SCIENTIFIC SlffVOFCT 

CREW WMMOTKT ION 


feOTMjW ) 


FORMAT 


DATA RATE 


OPERATING 

MODE^TIWIR 


DIGITAL 

DIGITAL 

DIGITAL 

ANALOG 

DIGITAL 

DIGITAL 

DIGITAL 

DIGITAL 

DIGITAL 

DIGITAL 

DIGITAL 

DIGITAL 

DIGITAL 


DIGITAL 

DIGITAL 

DIGITAL 

DIGITAL 

ANALOG 


200 BVS 
I200BVS 
Ufc&BPS 
wmi 
2&OBPS 

1 <110 BPS') 
4GRVS J 
&BVS 
BGBPS 
12 00 BPS") 
S2BVS S 

1 6 BVS i 
8 BPS 


GHOBPS 

IfeBPS 

4BVS 

110 BPS 

3KRB 


m(OF 8&.S4R) 
33%(&F 88.5HR) 
KCDWT)\SS»5M.M 
CONTINUOUS 
teONr)l5SR5HNI 


£fiNSV')IS'*H5IM 

(CjCNT) \ 55W20M 
(CDNT)i5CIW5M 

(OW) 154115 IM 

(P*H) 155AZ0IA 


,0>Nt)| 54WSIM 
.CONT) 155U10NI 
j(PNt)l5GW45M 

PUT) 15GH45M 

AS. REQUIRED 


DIGITAL 


SG 08 BPS 

(g.GRBVS) 


ANALOG 


II HHl 



























DKT& ANALYSIS FOR PAY t. CAD : STPU. Mi. MfeD 


souk.ce/clads 




-wmoso 

SCIENTIFIC t DETECTOR ARRAY 
lITTERFERBNerER 




FIELD MONITOR 
SUBSYSTEMS^ SUPPORT 

*KSto“Lll«5E MOQOXUVIATDR 

scientific. sSimas 

MONITOR PULSES 
ENGINEERING 
SUBSYSTEMS SUPPORT 

pec 

TIMING 

POWER 


format 


PI6VYAL 

DIGITAL 

DIGITAL 

ANALOG- 

digital 


DIGITAL 

digital 

DIGITAL 

DIGITAL 

DIGITAL 

DIGITAL 


DATA KATE. OPERATING 

MOW- in ME 



eoows fcbKY>S5W54IA 


'*£l£ ]^)‘5H»SIM 
^SfS (P0NT)155N^M 


224 BPS 
24 BPS 
4 BPS 


JlSUMSti 


KMPMBinSUPTORT - to) 
SCIENTIFIC 
EV1GMEERIMG 
RET E2.EM0E.DKV A 

SCIENT1RC- SUPPORT 

ANNOTATION 


mayimhm) 


DIGITAL 

DIGITAL 

digital 


analog 


G40WS 

IGbPS 

HBP5 


DIGITAL 1 20 BPS 


)1SMNSIM 

)lS5U2QM 

>I5AWSM 


)\5GU45M 
^KHSI I AG RERJBKtD 



SHEET I OF 

PAYLOAD Hftp 


!^ n . WL I U P LE W ' r ru K TO I CDA^MEUTS/klOTE S 


i^y p EAY DISPLAY [gKD iffcjTim 


21.2 MB n. 

I2D.3MB \«fe 

pjasa-wB . . acpjo 
'W»-N\OEO tOOTo 

1 17LS MB \7 a 


~ ('Ttt) 0.2 IMB 

~ tW 1.2TMB 

13CUAMA (l55H5H»^5(,2Y\O i SEC) 

970 5.GIMB 1 


C.03OMB o.l*?. CA3MB (|54ftGIM=55B*lc/“S>EC) 

5G4MB t«7o Sfh C^WLIMB (}S5tt20M»5G0 ( I^SEC)| 


1.4MB l«A S% (5Do)Tl2MB (iSCmSM* Stc) 


354.CMB 
S.OMB 
23 MB 


l \°1 ^“VER** TW 

3,C0M6 detector 
CS^) 0.45MB 

0.23MB 

C'OTo') G.18MB Elm DETECTOR- SAA 










SHEET I OP 


PK^LOFvD H IVE. 


DEPOSITION Qf CAT tv 


SkRHKeI 

gggijjg 

E&B. 

CALL-UP 

DYSPLM 

TELEMETER TO 
GRD (%')TCT&L 

2L2UB 

Y% 

__ 

(V%) 0.21M5 

YITSMB 

\% 

— 

(w<0 i.m 

G53.0Mb 

20®? o 


(.20%) V30.feCfN>& 

2%-MYDEO 

\ocn& 

— * 


U2.3WB 

V% 

5°lo 

(5*1 ») 5.«MB 

2232,0MB 

o.n» 

V°Io 

(\%) 22.32 MB 

TOlONiS 

r% 

S*% 

(20%) l«.o MB 

23.0ML 

l % 

5°7b 

(5%) \.\5M¥> 

nn.2W 

0.1% 

V“?o 

(l%) 1.HMB 


He 

sn a 

(20%) O.H W6 

” 





G^MEJUTL/MOTE S 


(V55H 5HWU 5<,2*YC? SEC) 


uvR&tfeRtfe vm 
DET2CT02. 

(}5feH H5W\^ 54, SXlD 3 SEO 

COU.IMIMEO PLtVME. 

C3MSTIA. SPECTCOWICTE* 
(ftlCUADcD'Nroi fcPKRW') 


35%&MB OA’Ho 

3 . 0 M& n<> 

Z.3N1& \OD 0 
6H.&M& \0°Io 

\ooh„ — 


- C\®jJ 3.60M& 

5%, (.E'lo) O.MSMB 

I0°1 a 0^) 0.23WI, 

\cy?t> C.V07o) G/I6MB 

— 2Cf7t, 


VM)tC0VE.2&Crt X-KfeY ‘ 
DST ECTOR 

055H2DM^5feOK\0StO 

OSHHSt M= 558t 16 3 SEC) 
FVJJfX DETECTOR Sfcb 






















APPENDIX Bl-2 

PAYLOAD ELECTRICAL POWER ANALYSIS 


INTRODUCTION 

This appendix outlines and summarizes the electrical power require- 
ments for the baseline mission payloads. The power requirements for the 
scientific instruments and for supporting equipment were derived from 
the Baseline Experiment Definition Documents of Volume II, Book 2. Sub- 
system power requirements were derived for the stabilization systems 
and for the supporting electronic assemblies defined in Volume III, Sec- 
tion 3. 
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ELECTRICAL POWER ANALYSIS FOR PAYLOAD 


SOLAR 1-2 


Instrument/Equipment 

PC&S 

Suppoi 

Description -'(Power) 

Power 

Data 

Photoheliograph 

- Instruments 50 W 

- Subsystem 30 W 
#1 Mount 

250 W 

25 W 


SHG - Instruments 50 W 

- Monitor 12 W 

IC/OC Assembly 40 W 

- Sun Sensor 11 W 

XRI - Instruments 110 W 

- Monitor 10 W 

- H-Alpha 10 W 

#2 Mount 250 W 25 W 

Correlation 

Tracker 25 W 


CMC Assembly - Pallet 150 W 5 W 




482 W 


1480 Watts 



























ELECTRICAL POWER ANALYSIS FOR PAYLOAD: 


S'RATOSCOPE III 


Instrument/Equipment 

PC&S 

Support Electronics - 

Power 

f 


~1 

description- (Power) 

Power 

Data 

Electrical 

C&D 

Totals 

I 

Stratoscope III 




j— 

" - 


• - - 

- - 

- Telescope 140 W 


25 W 

4 W 






Mount 

250 W 




419 W 




Array Group A 







> 

519 W 

- Wide Coverage 









Detector 70 W 









- Flux Detector 30 W 





100 W 

J 



Controls and 





11 - - 

I 

1 

- 

Displays 




400 W 

400 W 

1 


CMG Assy - Pallet 

150 W 

5 W 

4 W 


159 W 


►663 W 

Array Mount 








(Groups B ,C ,D,E) 

75 W 

25 W 

4 W 


in/, t.7 

J 



55 W 

12 W 

400 W 





— v — — ■ — > 

Common Subtotals (240 W) (475 w) (467 *0 


3AB 410 W 

(NB Spect/Polarim 170 W) 

475 W 

467 W 



3AB- 

1352 WATTS | 

3AC 338 W 

(Gamma Ray Spect 34 W) 

(Lo-Bkgnd Det 64 W) 

475 W 

467 W 

3 AC- | 

1280 WATTS 

l 

1 

3 AD 441 w 

(Lg Mod Collim 201 W) 

475 W 

467 W 

3 AD- 1383 WATTS 

3AE 502 W 

(Lg Area X-Ray 200 W) 

L (Coll. Xtal . Spect 62 W) 

475 W 

467 W 

3AE- | 1444 WATTS 

"• “1 
i 

! 

ti 

J 






ELECTRICAL POWER ANALYSIS FOR PAYLOAD 


INFRARED TELESCOPE 


Instrument /Equipment 

PC&S 

1 Support Electronics 

- Power 

— 

- - - 

’ 

“ ‘ 

Description- (Power) 

Power 

Data 

Electrical 

C&D 


Totals 


Infrared Telescope 

- Instruments 40 W 

- Support 40 W 

Mount 

Array Group A 

- Wide Coverage 

Detector 70 W 

- Flux Detector 30 W 

250 W 

25 W 

4 W 

r - 

' i 

i 

> 

359 Wp 

1 

1 

} 

i 

100 w ^ 

> 


459 W 

Controls and 
Displays 




325 W 


325 W 

] 


CMG Assembly-Pallet 

150 W 

5 W 

4 W 



159 W 

1 

f 588 W 

Array Mount 

(Groups B,C,D,E) 

75 W 

25 W 

4 W 



104 W 

J 




55 W 

12 W 

325 W 







V 







Common Subtotals (180 W) 

(475 W) 


(392 W) 






4AB 350 W 

(NB Spec t /Polar im 170 W) 

475 W 


392 W 


4AB- 

| "1217 WATTS j 









4AC 278 W 

(Gamma Ray Spect 34 W) 

(Lo-Bkgnd Det 64 W) 

475 W 


392 W 

' ■ -1 

4AC- 

1145 WATTS 









4 AD 381 W 

(Lg Mod Collim 201 W) 





. 




475 W 


392 W 


4AD * 

| 1248 WATTS i 









4AE 442 W 

475 W 


392 W 


4AE- 

1309 WATTS | 

(Lg Area X-Ray 200 W) 

(Coll Xtal Spect 62 W) 

fc 11 — • • 




















APPENDIX B2-1 


I.R. TELESCOPE STRESS ANALYSIS 
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EXPERIMENT MOUNT STRESS ANALYSIS 
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STABILIZATION AND CONTROL 
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B3.1. QUATERNIONS : COMPUTING SPACECRAFT ATTITUDE 

The attitude of a spacecraft with respect to some reference 
frame can be described by a set of four parameters called quater- 
nions. These four parameters are based on Euler's theorem that 
states that the rotational displacement of a rigid body from some 
initial orientation can be described by a single rotation about 
a fixed axis. This axis is referred to as an eigenaxis since it 
is common to both the reference and vehicle coordinate frames. 

The quaternions describe the attitude of a spacecraft by defining 
the eigenaxis and the appropriate angular displacement about this 
axis necessary to transfer from the reference frame to vehicle 
space. 


B3.1.1. Definition Assume that the rigid body shown in figure 
B3-1 is rotated with respect to some reference frame XYZ about an 

eigenaxis E defined by the three directional angles a, $, and y 

through an angular displacement 8. Assume that E is a unit vector. 


E«cosai+co8$J+cosyk (1) 

A A A 

where i, j, and k are unit vectors along the X, Y, and Z axes, 
respectively. Let the reference coordinates x,y,z define the 

location of a point P in the body prior to the rotation 0 about E. 


Define a second coordinate system x'y'z’ such that x' lies 
along the eigenaxis E, y' lies in the YZ plane, and z’ forms the 
remaining axis of the orthogonal coordinate triad x'y'z'. Let i', 
j', and k’ be unit vectors along x’, y’, and z’, respectively. 
i\ J’, and k’ in terms of i, j, and k equal 

~ /v yv 

i '“E"cosoii+cos8j+cosotk 

/v A 

j '• * ■_ coaa r, coss r 

sinoi sinoi ^ sinoi 


( 2 ) 

(3) 


k 


'=i'xj '= 


sina 


2 2 /s A 

[(cos 8+cos Y) i-cosacosSj 


A 

-cosacosyk] 


(4) 
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The transformation from x'y'z' to XYZ space can be defined by 
the following transformation: 


X 


x ' 

Y 

= ^ V-R’ 

y' 

Z 


z’ 


( 5 ) 


where 


cosa 




COS0 


2 2 

n cos 8+cos y 

sina 

cosy _ cosacosB 
sina sina 


cosy 


cosB _ cosacosy 
sina sina 


Define a third coordinate system X^yZ^ that is fixed to the 

rigid body. Assume that prior to the rotation 0 about E, that 
the two coordinate systems x'y'z' and are aligned. ® The 

coordinates of point P in body space X Y Z are 

v v v 


X 


X 

V 



Y 

V 

-'Vr) 

y 

Z 


z 

V 




where 


( 6 ) 


cosa 

cosB 

cosy 

0 

cosy 

cosB 


sina 

sina 

2 2 
i 8+cos y 

cosacosB 

cosacosy 

sina 

sina 

sina 


Now assume the rigid body is rotated about the eigenaxis E 
(X v ax ia) through the angle 9. This rotation can be thought of 

as a transformation from the x'y'z' coordinate frame to the new 
location of the X^Y^ coordinate system as shown in figure B3-2 

The resulting transformation from X Y Z to x'y'z' la 

v v v } 
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Figure B3-2. Rotational Displacement 9 of X Y Z 

V V V 

From x'y'z’ 


B3-5 


( 7 ) 


where 


x' 


X 



V 

y* 

■"i^ 1 

Y 

V 

z' 


Z 



V 


r$_. 1 = 

- K-ev- 


0 


cos 0 
sin9 


0 

— 0 ^Tl A 

cos8 


The new location of point P in the XYZ reference frame due 

to the rotational displacement 8 about E is given by the following 
transformation. 


X 


X 

Y 

-«W‘W«W 

y 

Z 


z 


Let 


( 8 ) 


such that 


(9) 


X 


X 

Y 

-m 

y 

Z 


z 


( 10 ) 


The transformation [4>] describes the new location of the rigid body 
with respect to the XYZ reference frame. [4>] equals 


m- 


l ll 

a 12 

a 13 

21 

a 22 

®23 

31 

S 32 

S 33 


( 11 ) 
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where 


a^i**l-2sin 2 (y)sin 2 a 

2 0 0 B 

a 12 *“ 2 [sin (y)cosacos8-sin(y)cos (y)cosy] 

2 0 0 0 

a 23“2[sin (y)cosacosY+sin(y)cos (y)cosB] 

2 0 B fi 

a 2i“2[si n (y)cosBcoscH-sin(y)cos (y)cosy] 

a 22 ml_2sin2 (j) 8in2 @ 

2 0 0 B 

a 23 ° 2 f (j) cosBcosy-sin (—) cos (y) cosa] 

a 32*2[sin (y)cosycosa-sin(y)cos (y)cosB] 

a 32 =2 f sin2 (y) cosycosB+sin (y) cos (y) cosa] 

a 33“l-2si n2 (y)ai n2 Y 


The relative orientation of the two coordinate systems, 
Vv Z v Wlth res P ect to can be specified by either the trans- 

formation [♦] or by the single axis rotation defined by E and 0 
that would align both coordinate frames. The following four 

parameters q^, q^, q^» and q^ can be used to specify E and 0. 

,0, 

q^cosCy) (12) 

q 2 “E x 8in (|) (13) 

q 3 =* E y sin(y) (14) 

q 4 =E z Sin( f ) (15) 

These four parameters are referred to as the four Euler rotational 
quaternions. E x> E y , and E z are the directional cosines that de- 
fine E (E x -cosa, E y -cosB, E^-cosy). These four quaternions q 
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q 2* q 3* and q 4 are °^ ten wr l tten in the form of 

a complex number 

q- 

^ AAA 

q " q l +q 2 i+q 3 :, ' fq 4 k 

(16) 

A A A 

where i, j, and k are the unit vectors along the 
reference axes, respectively. 

X, Y, and Z 

These four quaternions q 2> q^, and q^ are sufficient to 

determine completely the transformation [$]. It can be shown that 

thp nine* AOmnonon *- a q f r «J> 1 ~ a Frrifrnn 

— f ~ i t j xi* 12 * •••• «33 l - cin oe written in 

terms of these four quaternions. 

2 2 2 2 
a ll“>l +q 2 -q 3 “ q 4 

(17) 

a 12‘ 2(q 2 <l 3- q 1 ,, 4 ) 

(18) 

a 13‘ 2(q 2 q 4 +q l q 3 > 

(19) 

a 2l" 2 2 q 3 +q l q 4 ^ 

(20) 

2 2 2 2 
a 22* q l ’ q 2 +q 3 ~ q 4 

(21) 

a 23* 2 (q 3 q 4 _q l q ? ) 

(22) 

a 3l" 2(q 2 q 4" q l q 3 ) 

(23) 

a 32" 2(q l q 2 +q 3 q 4 ) 

(24) 

2 2 2 2 
a 33“ q l ~ q 2 " q 3 +q 4 

(25) 


Since the trans formation [$] completely describes the location of 
the rigid body shown in figure B3-1 with respect to the XYE 
reference frame and since [$] can also be written in terms of 
q l» q 2 * q 3‘ and V theae four quaternions like [*] also completely 
specify the orientation of the X y Y v Z v coordinate frame. 

The advantages of using quaternions instead of a transforma- 
tion like [•] for determining the attitude of a spacecraft are (1) 
only four parameters instead of the nine components of [*], a^. 
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a^ 2 * •••* & 23 > nust be determined, (2) the quaternions can be 

readily computed from sensed body rates as will be shown in the 
next section, and (3) the form of the quaternions can be readily 
used by the spacecraft’s attitude control system. 

B3.1.2. Strapdown Equations - The strapdown equations are a 

set of equations that are used to digitally compute the four 
quaternions by using sensed body rates. In the case of a space- 
craft, these body rates u , oj , and u) are normally sensed and 

x y z 

measured by at least three rate gyros rigidly mounted to the 
vehicle . 


Assume that the orientation of the rigid body shown in figure 
B3-3 is due to the Euler rotations ip, n» and <J>. The order of these 
rotations is (1) an angular rotation ip about the Z axis, (2) a n 
rotation about the displaced X axis, and (3) a <j> rotation about 
the displaced Z axis. The ip, n» and <J> Euler rotations correspond 
to the following transformations [<J»y [4*]^, and [*]., respectively. 



cost p 

sinip 

0 

r*y 

-sintp 

COB\p 

0 


0 

0 

1 


1 

0 

0 


0 

COBf) 

sinri 


0 

-sinr) 

cosn 


cos<J> 

sln$ 

0 


— sin<J) 

C08$ 

0 


0 

0 

1 


(26) 


(27) 


(28) 


The transformation from the reference coordinate 
the rigid body coordinate frame equals 


X v 


X 

Y 

V 


Y 

Z 

V 


Z 


system XYZ to 


( 29 ) 
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The rigid body rates u , u) , and w can be written in terms 

. x . y . z 

of the three Euler rates ij/, n, and <J> as follows 


0) 


0 

X 



Cl) 

y 

-r*y*y% 

0 

0) 

z 


$ 


+t*Lt*L 

<P n 


Simplifing the above expression, w , a) , and w equal 

x y x 


• 

n 


0 

0 

+ r% 

0 

• 

0 


♦ 


X 

3 


$ 

0) 

y 

■ [ *'w 

• 

n 

u 

z 


* 


where 


■[*] 




sinnsinij) cos<J> 0 

I 

sinncosij) -sin$ 0 

cosr) 0 1 


(30) 


(31) 


The Euler rates rj , and i as a function of the body rates u) , 

w , and w equal 
y z ^ 


* 

0 

$ 




U) 


U) 


U) 


(32) 


where 


B3-11 



[9] 

1 J 9n9 


sin9 

a inn 
C0s9 

8in4>coar| 
a inn 


coa<t> 
a inn 

-sin9 

coa<t>coan 
8 inn 


101 & 18 the inverse of 


The three Euler rotations 9. n, and 9 can be represented by 

"f 

three complex quaternions. The following quaternions q^, q^, and 

q. correspond to the 9» n, and 9 Eu^er rot-txons, respectively. 

9 


■+ M'' 

< *ip mcos 2 +sln 2 k 

-*• n n* 

q^-cosy +sinyl 

-► A A* 

q^-cosy +sin|k 


(33) 

(34) 

(35) 


The quaternion q that describes the final orientation of the rigid 
body as the results of the three Euler rotations 9» n» and 9 can 
be computed by performing the following quaternion multiplication. 


q-q 1 +q 2 i+q 3 j+q 4 k-q^q ri q (j) 

-(cobt^ +sin|k) (cosy +sinyi) (cosy +sin^k) 


(36) 


Note that 


?2 ?2 r 2 


i -J -k --1 

AA AA A 

ij-ji-k 

AA AA A 

jk— kj-i 

AA A A A 

ki— ik-j 


The components of q equal 

q^»coa|cosycosy “Sin^COSySiny 


(37) 
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( 38 ) 


q 2 -8in|sin^sin|- +coa|ain^co8|- 
q 3 -8in|sin^cos^ -cos |sin^sin| 
a ,"sin!£cos5cos£ +cos^co85sin£ 


( 39 ) 

( 40 ) 


The time derivatives of the above expressions for q^, qj* 

and q. can be written as follows: 

4 


where 


• 





q l 


a i<i- 

a ie 


• 

1 




q 2 

m — 

2 

a 2$ 

a 20 


^3 


a 3* 

a 38 

S 3$ 

*4 


a 4il» 

a 40 

a 4$ 


a^-sinlcos^cos^ -cos|cos^«in|- 
a i - s in|s in^s i n| -cos £’ ln 2 C0 *f 
*l|"“ C08 |cos^sin| -sin|cos^cos^ 
a^-cos |sin^sin| -sin|sin^cos| 
a 2 *-ain|cos^sin|- +cos|cos^cos|- 
a 2 ^-8in|sin^cos-| -cos|8in^8in|- 
a 3^"c°8 |sin^cos^ +sin|sin^8in| 
•^-Binlcos^cosl — C08^CO 8^8 in|- 
a 3 £»-8in|sin^sin| -cos^sin^cos^ 


*4* 


■cos |cos?coa^ -sinlc 08 3*1*4 


( 41 ) 
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—i s in|s in^c o s| -cos |sin^sin| 
a 4|" c08 2 C08 2 C08 '2 - sin^cos^sin|- 


By substituting equations 32 into 41 and then simplifing, q in 

terms of the body rates w , ui , and w equals 

x y 2 



(42) 


Using the above relationship, the quaternion rate q is computed 

.from the sensed body rates w , oj , and u . The computed rates 
• x y z 

q is then Integrated using a numerical integration technique to 

compute q. Equation 42 and the equations used to perform this 
numerical integration are referred to as the quaternion strap- 
down equations. Assume that the numerical integration technique 
selected is trapezoidal integration. The resulting expressions 
f° r q x » q 2 » q 3 . and q^ are: 


q r q ip +0,5{q ip +q i 3At 

(43) 

q 2" q 2 p +0 - 5 ^2P +q 2 3At 

(44) 

q 3 -q 3P +0 ’ 5 ^ q 3P +q 3 

(45) 

V q 4P +0 - 5[q 4P +q 4 1At 

(46) 


q lP’ q jp* ^JP* ttn< * q 4p are t * ie previously computed quaternions 

while q^p, q^p» q^p, and q^ p are their corresponding previously 

computed quaternion rates. At 1 b the sample period in seconds 
between numerical integrations. 

-b* 

The numerical integration of q to obtain q must be initialized 
and occasionally updated to correct for computational errors and 
the accumulative effects of errors such as rate gyro drift con- 
tained in the measured body rates u , u , and u . To perform 

x y z 

this initialisation or update procedure, the transformation [♦] 
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from reference space to body space must be determined. This up- 
date procedure Is normally performed using star tracker attached 
to the spacecraft. The star trackers are used to measure in 
vehicle coordinates the location of two reference stars whose 
coordinates in the XYZ reference frame are known. 


Assume that the locations of two reference stars in the XYZ 

reference frame are given by the two unit vectors, and 

and that their corresponding vehicle coordinates are described 

by the unit vectors S' and S', respectively. In order to com- 

pute two additional unit vectors S 1 . and S- ' must be com- 

^ -*■ , -*• t 

puted. S^2 and are computed from and Sj and and S2 , 

respectively. 




(47) 



(48) 


M -Ti * *v 

A | | represents the norm of the enclosed vector A. and 

are unit vectors that are perpendicular to the planes formed by 
and and Sg'i respectively. These six unit vectors 

, S^2» V* ^2'’ ant * ®i2* com Pletely specify the trans- 
formation [ 4 ]. To compute [ 0 ], the following relationships must 
be satisfied. 


S. and 

S 1 
S l* & 2 


where 


Ij-C*]?!* 


(49) 

s 2 -ms 2 * 


(50) 



(51) 

l 13 a l2 

*13 


21 a 22 

*23 


31 a 32 

a 33 



B3-15 



Assume that the unit vectors 2^', I 2 , $ 2 *. s i2 , and 
are 



C 11 


C 21 

V 

c 12 

V- 

C 22 


C 13 


C 23 


A 


J 


'll 


U 21 

V 

d 12 


d 22 


d 13 


d 23 


*11 


f 21 

J 12- 

*12 

^12 *■ 

f 22 


*13 


f 23 


Substitute the above vectors into equations 49 through 51. 


s 1 -ms 1 , « 


s 2 -mS 2 ’- 




c n 


3 11 ®12 a 13 


C 21 

c 12 

at 

a 21 a 22 a 23 


C 22 

c 13 


®31 a 32 a 33 


C 23 

d ll 


S 11 a 12 a 13 


d 21 

d 12 

m 

S 21 a 22 a 23 


d 22 

d 13 


*31 a 32 a 33 


d 23 

*11 


a H a 12 a 13 


f 21 

*12 

m 

a 21 a 22 a 23 


f 22 

*13 


*31 a 32 a 33 


f 23 


(52) 


(53) 


( 54 ) 
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Equations 52 through 54 can be rearranged into the following 
expressions. 


C 11 


C 21 

C 22 

C 23 


a ll 

d ll 

ae 

d 21 

d 22 

d 23 


a 12 

f ll 


f 21 

f 22 

f 23 


a 13 

C 12 


C 21 

C 22 

C 23 


a 21 

d 12 

- 

d 21 

d 22 

d 23 


a 22 

f 12 


f 21 

f 22 

f 23 


a 23 

c 13 


C 21 

C 22 

C 23 


a 31 

d 13 

- 

d 21 

d 22 

d 23 


®32 

f 13 


f 21 

f 22 

f 23 


*33 

's rule 
of [•], 

for 

a ir 

solving simultaneous a 
a 12 » .... a^, can be 


( 55 ) 


(56) 


(57) 


jj butwugu j/. note cnac cne j Dy i matrix appearing 
in each of these equations are identical. The symbol A is used 
to denote the determinant of this matrix. A equals 



C 21 

C 22 

C 23 

A*det 

d 21 

d 22 

d 23 


f 21 

f 22 

f 23 

+c 22 

(d 23 f 23 _d 21 f 23 

)+C 23 


" C 21 (d 22 f 23~ d 23 f 22 ) 


^ d 21 f 22' d 22 f 21* 


(58) 


The nine components of [$] in terms of the components of S^, !> , 
' * ai * d ^12 ' 
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C 11 

C 22 

C 23 

dat d u 

d 22 

d 23 

a ll" f u 

f 22 

f 23 " fc ll (d 22 f 23” d 23 f 22 ) 


A 


+C 22 (d 23 f ll 

d ll f 23 )+C 23 (d ll f 22“ d 22 f ll ) 

C 21 

C 11 

C 23 

det d_. 

d,. 

d_ 

21 

11 

23 

*12‘ f 21 

f u 

f 23 “ Ic 21 (d ll f 23' d 23 f ll ) 


A 


+C ll (d 23 f 21 

* d 21 f 23 

! )+C 23 (d 21 f ll _d ll f 21^ 

C 21 

C 22 

C 11 

det d_. 

d„ 

d 

21 

22 

11 

a 13- *21 

f 22 

f ll “ [c 21 (d 22 f ll _d ll f 22 ) 


A 


+C 22 (d ll f 2l‘ 

' d 21 f ll 

)+Cn ( d 2i f 22“ d 22 f 21> 1 /A 

C 12 

C 22 

C 23 

det d, _ 

d__ 

d _ 

12 

22 

23 

a 2l" f 12 

f 22 

f 23 " tc l2 (d 22 f 23 _d 23 f 22 ) 


A 


+C 22 (d 23 f 12' 

‘ d 12 f 23 

)+C 23 (d 12 f 22“ d 22 f 12^ /A 

C 21 

C 12 

C 23 

det d„. 

d,« 

d 

21 

12 

23 

*22* f 21 

f 12 

A 

f 23 " Ic 21 (d 12 f 23 _d 23 f 12 ) 


+C 12 (d 23 f 2l" d 21 f 23 )+C 23 (d 21 f 12~ d 12 f 21* I/A 
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C 21 

C 22 

C 12 



det 

d 21 

d 22 

d 12 



a 23* 

f 21 

f 22 

f 12 

" [c 21 (d 22 f 12 " d 12 f 22 ) 




A 




+C 22 

< d 12 f 21 

- d 21 f 12 > +c 12 (d 21 f 22 -‘ , 22 f 21 )1M 

(64) 


c 13 

C 22 

C 23 



det 

d X3 

d 22 

d 23 



fl 3l" 

f 13 

f 22 

f 23 

_ ■ fc 13 (d 22 f 23‘ d 23 f 22 ) 




A 




+C 22 

(d 23 f 13 

' d 13 f 23 

)+C 23 (d 13 f 22' d 22 f 13 );i/A 

(65) 


C 21 

C 13 

C 23 



det 

d 21 

d 13 

d 23 



*32' 

f 21 

f 13 

f 23 

”tc 2 l (d 13 f 23 d 23 f 13 ) 




A 




+c 13 

(d 23 f 2l" 

' d 21 f 23 

)+c 23 (d 2 1 £ X3- d 13 , 21 )1/4 

( 66 ) 


C 21 

C 22 

C 13 



det 

d 21 

d 22 

d 13 



a 33" 

f 21 

f 22 

f 13 

" Ic 21 W 22 f 13~ d 13 f 22* 



A 


+C 22^ d 13 f 2l" d 21 f 13 )+C 13 (d 21 f 22 -d 22 f 21^ A * 67) 

The four quaternions q^, q 2 » q^, and q^ can be computed using 
the components of [♦], a i 2 ’ " ‘ ’ *33 defined in equations 59 

through 67. In order to compute q^ q 2 » q 3> and q^, one needs 
only to determine the eigenaxis E and the rotational displacement 
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6 about this axis as specified by [$>]. 6 can be computed using the 

unique property that the trace of [<J>] equals l+2cos9. 

3 

trace of f a. -1+2 cob8 (68) 

i-1 

8 equals 

8-cos 1 [0.5(a 11 +a 22 +a 33 ~l) J (69) 

The eigenaxls E is defined by the three direction cosines, cos a, 

cos p, and cos y. These three direction cosines are designated 

E , E , and E , respectively. Using equations 17 through 25, it 
x y z 

can be shown that E , E , and E equal 

x y z 


E -cosa- 
x 


a 32~ a 23 
4cos (y)sin(|) 


(70) 


E -cosB- 


®13 a 31 


4cos (y)sin(y) 


a 21~ a 12 
E -cosy- 4 - 1 - * 

4cos (y)sin(y) 


Using the results of equations 69 through 72, the quaternions q^ 
^2’ ^3* an< ^ 9^ a function of the components of [$] equal 

q^cosCj) where 8-cos _1 [0.5(a n +a 22 +a 33 -l) ] (73] 

V E * 8l “<!>- (74: 


8v_ a 13" a 31 


q 3- E y aln <f)- 


a 21~ a 12 


q 4 - V in(f)- 
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The quaternion strapdovm equations are Initialized or updated 
by substituting the above values of through q^ Into equation 

42 and for those of q lp , q 2p , q 3p , and q^ p , respectively. The 

affected equations are 



(42) 


q l" q lP +0-5 ^ q lP +q l 3At 

q 2" q 2P +0,5lq 2P +q 2* At 

q 3" q 3P +0 ' 5fq 3P +q 3 jAt 

q 4" q 4P +0,5lq 4P +q 4 3At 


(43) 

(44) 

(45) 

(46) 


The above equations 42 through 46 are the quaternion strapdown 
equations. 
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B3 o 2 , DETERMINATION OF THREE AXIS ATTITUDE ERROR INFORMATION BY 
TRACKING TWO GUIDE STARS 

The three axis attitude error information needed to stabilize 
a telescope about its three control axes car..' be determined by 
tracking too guide stars. Tracking a single ruide star provides 
only two axis attitude error information s asiaruth and elevation. 

By tracking a second guide star* its roll axis attitude error is 
also specified. 


Assume these are two stars located in the telescope field 
of view as shown in figure B3-4. Let one star be designated 


star 1 and the other one, 




1 r\ r 


n p-’-fl i 


star 2 e 

i - 


o ir «a v*r* 


At time t equal to zero 


scope coordinates by the unit vectors and $25 respectively. 
Assume that at a later time t^ s the stars 1 and 2 appear to 
have moved to new locations corresponding to unit vectors 

and S 2 8 s respectively. D S^’, and S 2 3 are signals de- 


rived from the telescope sensors. Let S, and S„ p the loca- 

1 2 

tions of the two stars at t-Q s be used as a reference. The 


rotational displacement of the telescope is then computed with 
respect to the telescope attitude described by and In 

order to determine the rotational displacement of the telescope 
at time t^ „ two other unit vectors S 12 and S^' are needed. 


and S^ 2 ’ are unit vecotrs corresponding to 
S 1 and S 2 and S^ 5 and S 2 's> respectively. 


the 


12 


cross products of 
and S^ 2 S equal 
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(77) 


S 12~ 


S 1 XS 2 


[ s l xS 2 l 




where | |s| | equals the norm of the vector S enclosed. 


(78) 


The apparent rotational motion of the stars can be described 
by a transformation [T] which is completely defined by the six 

vectors S^, S^, s ^2’ S l'’ ^2 ' ’ anc * ^12* * com P ute [T 3 » the 
following conditions must be satisfied. 


where 


Assume that 


s ' = 
b l 

[T]S 


(79) 

s ' = 
2 

Tt]s 2 


(80) 

<T 1 
b 12 

=fT]Si2 


(81) 

11 

a i2 

a i3 


21 

a 22 

a 23 


31 

a 32 

a 33 



the unit vectors S^, S 2> S 2 ', S^, and S' equal 



C 11 


C 21 

V 

C 12 

V- 

C 22 


C 13 


C 23 


d ll 


d 21 

V 

CN 

T3 

*2’- 

d 22 


d 13 


d 23 
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f ll 


f 21 

S “ 
12 

f 12 

S * as 

12 

f 22 


f 13 


f 23 


Substitute the above vectors into equations 79 thru 81. 



C 21 


3 11 *12 a 13 


c n 

Sj’-ITJSj- 

C 22 

D 

a 21 a 22 a 23 


c 12 


“=23 


a 31 a 32 a 33 


c 13 


d 21 


3 11 a 12 a 13 


d ll 

S 2 ’»[T]S 2 = 

d 22 

33 

a 21 a 22 a 23 


d 12 


d 23 


a 31 a 32 a 33 


d 13 


f 21 


3 11 a l2 a l3 


f n 

*12 -*$12" 

f 22 

S3 

a 21 a 22 a 23 


f 12 


f 23 


a 31 a 32 a 33 


f 13 


Equations 82 thru 84 can be arranged into the following 
expressions. 6 


(82) 


(83) 


(84) 


C 21 


c n c i 2 c i3 


a ll 

d 21 

“ 

d ll d 12 d 13 


a 12 

f 21 


f H f 12 f 13 


a 13 

C 22 


C H C 12 c 13 


a 21 

d 22 

m 

d ll d 12 d 13 


a 22 

f 22 


f H f 12 f 13 


a 23 

C 23 


C H C 12 c 13 


a 31 

d 23 

” 

d ll d 12 d l3 


a 32 

f 23 


f 12 f l3 


a 33 


(85) 


( 86 ) 


( 87 ) 
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Using Cramer's rule, the components of the transformation [T] , 
a ll* a l2’ a 13’ a 21’ ***’ a 33 » can be computed using equations 85 
thru 87. Note that the 3 by 3 matrix appearing in each of 
these equations are identical. The symbol A is used to denote 
the determinant of this matrix. A equals 



C 11 

C 12 

C 13 

l 


A“det 

d ll 

d 12 

d 13 

i “ C ll (d 12 f 13" d 13 f 12 ) 



f ll 

f 12 

f 13 



•*12 

(d 13 f ll 

“ Cl ll t 

13 )+C 13 (d ll f 12 -d 12 f ll ) 

(88) 

nine components of 

[T] 

are 




c 21 

C 12 

C 13 



det 

d 01 

d 

d 




21 

12 

13 



a ll = 

f 21 

f 12 

f 13 

fc 21 (d 12 f 13 d 13 f 12 ) 




A 




+C 12 

(d 13 f 21 

- d 21 f 

l 3 )+ c 13 (d 2i f i 2 d 12 f 21 } J/A 

(89) 


c n 

C 21 

C 13 



det 

d„ 

d„. 

d 




11 

21 

a 13 



a 12 D 

f ll 

f 21 

f 13 

° tc ll (d 21 f 13 d 13 f 21 ) 




A 




+c 2i (d i3 f ir 

d ll f 13 )+c 13 

(d n f 2 r d 2 i f u ,)/4 

(90) 


C 11 

C 12 

C 21 



det 

d. . 

d, „ 

d 




11 

12 

21 



A ra 

13 

£ u 

f 12 

f 21 

“ [c ll (d 12 f 2l" d 21 f 12 ) 



+C 12 (d 21 f ll- d U f 21 )+<: 21 ( ' J ll f 12- d 1 2 , U >)/4 
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c 22 C 12 C 13 


det d 22 d 12 d 13 

f 22 f 12 f 13 “ tc 22 (d 12 f 13" d 13 f 12 ) 


A 

+C 12 (d 13 f 22 d 22 f 13 

)+c 13 (d 22 f 12 d 12 f 22^ /A 

(92) 

C 11 C 22 

C 13 


det d u d 22 

d 13 


a 22™ f ll f 22 

f 13 “ tc ll (d 22 f 13 _d 13 f 22 ) 


A 

+C 22 (d 13 f ll d ll f 13 

)+C 13 (d ll f 22" d 22 f ll )]/A 

(93) 

C 11 C 12 

C 22 


det d ll d 12 

d 22 


a 23* f ll f 12 

f 22 afc il (d 12 f 22 _d 22 f 12 ) 


A 

+C 12 (d 22 f ll d ll f 22 

)+C 22 (d ll f 12 d 12 f ll )]/A 

(94) 

C 23 C 12 

C 13 


det d 23 d 12 

d 13 


a 3l“ f 23 f 12 

f 13 " [c 23 (d 12 f 13" d 13 f 12 ) 


A 

+c 12 (d 13 f 23~ d 23 f 13 

)+C 13 (d 23 f 12" d 12 f 23^ /A 

(95) 

C 11 C 23 

C 13 


det d u d 23 

d 13 


*32' f U f 23 

f 13 ,,[c ll (d 23 f 13" d 13 f 23 ) 


A 

4 ‘ c 23 (d 13 f ll~ d ll f 13 

)+ c l 3 ( d ll f 2 3 - d 23 f ii)]/ A 

(96) 
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det 


a 


ra 

33 


+c 


: 11 

C 12 

C 23 


'll 

d 12 

d 23 


11 

f 12 

_ f 2 3 

“ I C 1 1 <d 12 f 23 d 23 f 12 ) 


A 


l 23 f 11" 

" d U f 23 

)+c 23 W ll f 12- d 12 t ll )1/A 


( 97 ) 


Assume that the apparent motion of the stars is due to a 
single eigenaxis maneuver. Let a, 8, and y be the directional- 
angles between the eigenaxis and the telescope X, Y, and Z axes, 
respectively. Let 9 be the rotation about this eigenaxis neces- 
sary to rotate the stars from its reference location described 

by S 1 and S 2 to its location defined by and S 2 ' . This maneuver 
can be described by the four Euler quaternions q^, q 2> q^, and q 
defined below. 


,6, 

q 1 =C°s(y) 

(98) 

q 2 = co.s<xsin(-|) 

(99) 

q 3 =cos8sin(|) 

(100) 

Q 

q 4 =cosysin(-) 

(101) 


The transformation [T] can be written in terms of ct, 8, y, and 9 

The components of [T ] , a, , , a , a , a a are 

11* 12 13 * 21* *“** 33 * are 


„ 1 o J 2 , 2 .8. 2 2 2 2 

a ll 1_2sin asin ^2 )=q l +q 2 " q 3 " q 4 
a 12 = 2 cosoicosBsin (y) -2cosysin~cosy 

=2(q 2 q 3 -q 1 q 4) 

a 13 “ 2co sac os Ysi n (y)+2cos8sin-|cosy 
=2(q 2 q 4" q l q 3 ) 


( 102 ) 

(103) 


(104) 
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2 6 6 6 
a2j®2cosacos8sin (y)+2cosYsitt2COsy 


=,2(q 2 q 3 +q l q 4 ) 

. . . 2 Q , 2,8. 2222 

a 22 Bl_2sin 09in ( I )=q l -q 2 +q 3 _q 4 

2 0 0 0 
a 23 ° 2 cosBcosYsin (-jO^cosotsin^cos^- 


- 2< < J 3 e >4-‘ , l q 2 ) 

2 0 0 0 
a^»2cosacosYsin (2-)-2cos8sin-jCos|- 


a2(q 2 q 4" q l q 3 ) 


2 0 0 0 
a^2°2cos8co3Ysin (-^O^^cosasin^cos^ 


“ 2(q 1 q 2 +q 3 q 4 ) 

a 33* 1 -2s in2 Ysi n2 (|-)« q i 2 - q 2 2 - q 3 2 + q 4 2 


(105) 

(106) 

(107) 

(108) 

(109) 

( 110 ) 


The eigenaxls is defined by the three direction cosines, 
cosa, cos8, and cosy. Let the direction cosines cosa, cosS, and 
cosY be designated E^, E y , and E z> respectively. These direction 

cosines can be derived from the transformation [T] as follows. 


a 32" a 23“ 

E -cosa= 
x 

a 13' a 31° 

E “cos8“ 

y 

a 21 -a 12* 

E -cosY“ 

z 


4cosasin^cos^- 


a 32 _a 23 


a 32 _a 23 


4cos-|siny 4q 1 siny 
4cos8sin^cosy 


a 13" a 31 


a 13“ a 31 


. 9 4 0 / 4 0 

4cos-2Siny 4q^siny 
4cosYsin|cos|- 


a 21 a l2 


a 2l' a i2 


0 0 Q 

4cos-jsin-2 4q^siny 


(111) 


( 112 ) 


(113) 
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The eigenaxis rotation 0 can be 
that the trace of [T] equals l+2cos0 


computed using the property 
(reference 1) . 


3 

trace of [T]“ ^Ja^-^cosG 
1=1 


(114) 


cos9= 2 (a H +a 22 +a 33- 1) 


cos0 can be approximated by the following power series. 


q2 q 4 fi 6 

cos0=l- — + §_ + 

21 41 6 J + * • • 


(115) 


(116) 


zxzi tziririL “ l ?rs.“ t , 2js 1 ;n or and 

by operating Properly. Since 6 i. small. cose^^^d 


cos0-l- 


0' 


4 . 

Using equations 113 and 115 6 equals 


(117) 




11 22 


is 


The eigenaxis rotation defined by E 
. , J \ 


E , and 0 de- 


inertlall^f igeg^rgg ** ^"c/the'stars are 
the motion l «!ea=onr ra ?LT t , 1 ° n ‘ 8 aCtu '* 11 >' due t0 
the apparent star motion and can be describer^ 0 " ‘ S opposlte 
rotation of 8 about an axis defined by E ! -E ( and f"" 18 

The tel ocr'rtrtn *■» J ... ^ V 2* 

^ » and E ? are : 


— — — * uy — c 9 

The telescope eigenaxis direction cosines’): 

> 


E *— E - a 23" a 32 


X X / a 8 

4q 1 sinj 

(119) 

a„ -a 


E ’--e - 31 13 


y y L a 9 

4q lS inj 

(120) 

a, „ -a 

E E = 12 *21 


2 2 0 
4q 1 sinj 

(121) 
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The four quaternions q^, q 2> q 3 , and describing the rotational 
motion of the telescope are: 


vV sln T 


q_-E 'siny 
3 y 2 


VV sln 2 ■ 


ll“ a 22~ a 33^ J 

(122) 

a 23 _a 32 

4q i 

(123) 

a 3l“ a 13 


4q l 

(124) 

a l2 _a 21 

(125) 


Since 9 is small, 


, 0 
sin 2 


6 

2 


(126) 


Using equations 123 thru 126, the telescope X, Y, and Z attitude 

errors 0 , 9 , and 9 , respectively equal 
x y 2 


■ 6 _ a 23~ a 32 


9 »2E % -2q = 
x x 2 h 2 2q^ 

0 =*2E ~2q = ~ — — 

y y 2 J 3 2q x 

9 -2E '| -2q = — 2 -- 21 
Z z 2 % 2q 


(127) 


(128) 


(129) 


Listed below are the computational requirements and sequence 
needed to calculate the telescope attitude errors 6 , 9 , and 9 . 

x y z 

a. The unit vectors , S 2 , and S 12 ' are 

derived from the telescope fine attitude error 
sensor. Initially, these unit vectors are 

designated Sj, and S^, are stored, and are 

used to describe the desired telescope attitude. 

b. The components of [Tl a , a a a 

11 12* a 13* a 21’ 

.... a 33 are computed using and S 12 

and their present, corresponding unit vectors 
V* S 2 ' and S 12 \ 
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c . 

d. 
are 


Quaternion q 1 is computed using equation 122. 

The telescope attitude errors 0,8, and 6 
computed using equations 127 thru 129. ^ 
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B3.3. TELESCOPE POINTING AND STABILIZATION TRADE STUDY 


From its stowed position parallel to the floor of the ASM 
pallet, the telescope complement tube is deployed to a position 
perpendicular to the floor as shown in figure B3-5. The high 
energy arrays are similarly stowed and deployed. Hardware com- 
monality between the telescope and the array gimballing system 
can be realized in this area of experiment mounting and deploy- 
ment. As shown in the figure, this Deployed Wide Angle Gimbal 
(DWAG) technique affords hemispherical viewing for the telescope 
complement and the high energy arrays. To utilize this capability, 
the telescope and array gimballing systems must be capable of rota- 
tional motion of 90 degrees in elevation and 360 degrees in azimuth. 

For the candidate telescope fine stabilization systems investi- 
gated, the telescope complement center of mass is assumed to be 
located at the intersection of its three control axes to minimize 
telescope orbiter disturbance coupling. The payload pointing 
requirements used in this analysis are listed in table B3-1. Con- 
tained in table B3-2 are the estimated stabilization capabilities 
of the two candidate ASM shuttle orbiter stabilization systems, a 
CMG system and a low thrust reaction control system (RCS) . 

The stabilization concepts to be investigated are: 

a. Standard telescope mount flexible suspension fine 
stabilization gimbal system. 

b. Standard telescope mount with spherical gas bearing 
fine stabilization system. 

c. Standard telescope mount with coarse external sta- 
bilization and image motion compensation (IMC) internal 
to individual instruments. 

d. Wide angle spherical gas bearing mount. 

B3.3.1. Standard Telescope Mount - The Deployed Wide Angle 
Gimbal concept of figure B3-5 is essentially a standard telescope 
mount approach. Experiment pointing is achieved by 360-degree ro- 
tation of the telescope yoke combined with 90-degree telescope tube 
rotation in elevation to provide hemispherical coverage. For fine 
stabilization, a secondary three-degree-of-freedom gimbal system 
at the elevation axis is required, or direct stabilization could 
be utilized with final image stabilization being achieved internal 
to the individual experiments where required. If a secondary gimbal 
system is used, the system could employ flexible suspensions/rolling 
element bearings or a gas bearing design. 
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TELESCOPE (S) 



ASM SUPPORT 
module 


Figure 



HIGH ENERGY ARRAY (S) 


WIDE COVERAGE 
X-RAY DETECTOR 


"V 

y 


WIDE ANGLE GIMBAL 
EXPERIMENT POINTING SYSTEMS 


ASM EXPERIMENT PALLET 


B3-5. ASM Shuttle Orbiter Baseline Experiment Ps.yload 


Table B3-1. ASM Telescope and High Energy Array 

Pointing and Stabilization Requirements 




Table B3-2. CMG, RCS Estimated 

Stability Capabilities 


SHUTTLE ORB ITER 
STABILIZATION SYSTEM 

CAPABILITY 

CMG 

0.3 mrad (1 min) 

RCS 

4 mrad (0.2 deg) 










B3.3.2. Flexible Suspension Fine Stabilization - Fine stabiliza- 
tion can be achieved by a secondary gimballing system consisting of 
an azimuth gimbal, an elevation gimbal and a roll ring for rotational 
isolation, figure B3-6. The azimuth and elevation gimbal rings would 
be supported at diametrically opposite points with flexible suspen- 
sions. Flexible suspensions support rotation by means of criss- 
crossed flat springs that flex to allow movement; the action is like 
a combination spring and bearing. Unloaded, the flexible suspensions 
have a center seeking feature. Flexible susfensions have no rubbing 
parts which could produce cold welding, friction, and breakaway 
torques. Rotational isolation can be achieved with a roll ring with 
rolling element bearings. In order to utilize flexible suspensions 
for rotational isolation, it would be necessary to mount the bearing 
beyond the rear of the tube and thus cantilever the tube from the 
bearing. This approach would present problems in attaining a rigid 
system, but would eliminate friction and breakaway torques associated 
with rolling element bearings. However, roll stabilization is much 
less critical than azimuth and elevation stabilization, so a rolling 
element bearing concept appears reasonable for rotation isolation. 

The concept of utilizing flexible suspensions in a secondary fine 
stabilization gimbal system is probably adequate based on its present 
use in the Skylab program. 

B3.3.3. Gas Bearing Fine Stabilization - The spherical gas 
bearing may offer advantages in terms of gimbal simplicity, 
mechanical rigidity, and near zero friction and breakaway torque. 

A ball attached to the telescope tube is gas suspended in its 
mating socket and thus provides two-axis gimballing and rotational 
isolation in one unit. The escaping support gas raises the potential 
problem of experiment contamination since gas scavenging would be 
difficult due to the vacuum of space, and would not be 100 percent 
efficient. Additionally, implementation is a problem due to tele- 
scope tube size, and weight and space restrictions. Three possible 
bearing locations are shown in figure B3-7 : inside the telescope 

tube at its center of mass, girding the tube at its center of mass, 
or beyond the tube with appropriate counterweights. 

Locating the gas bearing inside the tube, (a) of figure B3-7, 
would impose design constraints on the Stratoscope III, IR, and 
PHG telescopes. Their size relative to the telescope complement 
tube would require that the gas bearing be within the telescope 
envelope. Packaging of the other experiment clusters would be 
difficult due to the presence of the bearing within the tube. 

Also, for these reasons, the system is not flexible regarding 
future experiments. This approach, therefore, is eliminated. 

The second possibility is to locate the gas bearing at the 
telescope tube center of mass in a girding fashion as a ball/socket 
configuration, (b) of the figure. Manufacture of a spherical gas 
bearing of this size (=100 in. diameter) would require a development 
program. Fecker Systems Division of Owens-Illinois, builder of the 
NASA Ames airborne telescope, felt a bearing of this size could be 
developed. Development would be required since manufacture of a 
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Figure B3-6. Flexible Suspension Gimbal System 
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100-inch diameter bearing would require extension of present 
technology beyond that used for the 16— inch diameter Ames tele- 
scope bearing; the Ames bearing design can be manufactured in 
sizes up to 24 inches in diameter. Fecker Systems estimated 
cost for development and delivery of a 100-inch diameter spherical 
bearing was approximately $3 million. This concept will be further 
evaluated . 


The third possible location for the spherical bearing is 
beyond the telescope tube, (c) of the figure. This position would 
result in a much smaller diameter bearing, which is within the 


present state of the art. However, this concept has the disad- 
vantage that counterweights would be required to transfer the pay- 
load (telescope plus counterweights) center of mass to the bearing 
area. Due to the shuttle orbiter space limitations, the permissible 


location of the counterweights would be very near the gas bearing, 


figure B3-8. The counterweight moment-arm length would be on the 
order of 0.1 of the telescope tube length as compared to the tele- 


scope tube center of mass location of about 0.4 of the telescope 
length from the telescope end. Therefore, the required counter- 
weight, including any experiment support electronics, would be 
roughly three to four times the telescope complement weight. The 
counterweight approach is eliminated due to increased volume, 


weight requirements, and mounting complexity. 


In lieu of a spherical gas bearing, a gas bearing supported 
gimbal system could be considered, figure B3-9. The gimbal system 
would be constructed similar to the flexible suspensions gimbal 
system except gas bearings would be substituted for the suspen- 
sions. By comparison, the flexible suspensions and gas bearing 
have near zero friction and breakaway torque, but the gas bearing 
gimbal system is more complex due to the gas supply. Compared to 
the spherical bearing, the gas bearing gimbal system is much more 
complex and less rigid by virtue of the gimbal and roll ring con- 
struction. The gas bearing supported fine stabilization gimbal 
system therefore will not be considered further. 


B3.3.4. Coarse External-Internal IMC Stabilization - Simplifi- 
cation of the gimballing system for the telescope tube can be 
realized if coarse external, internal IMC stabilization is utilized, 
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see figure B3-10. The azimuth and elevation axes, figure B3-5, of 
the Deployed Wide Angle Girabal would be coarsely stabilized directly 
in order to eliminate the azimuth and elevation axes portions of 
the secondary gimbal system. This approach requires that final 
stabilization be performed within each experiment. Coarse azimuth 
and elevation stabilization can probably be achieved to approximately 
1 arc-second, IMC internal to the experiments would then provide fine 
stabilization (0.1 arc-second range) for those experiments requiring 
this level of stability. A rotational isolation device would still 
be required; internal vernier rotational stabilization is not rec- 
ommended since it would be extremely difficult to achieve and could 
alter image quality. 

Although the gimballing system is simplified, the design of 
individual experiments may become complicated and, in certain in- 
stances, very complicated and expensive. Also, any additional 
experiments with stability requirements finer than 1 arc-second 
would require an internal IMC with attendant design costs and 
probably delays, thus reducing the flexibility of the pallet to 
accommodate a variety of payloads. This concept will be further 
evaluated. 


B3.3.5. Wide Angle Spherical Gas Bearing Mount - Implementation 
of a wide angle spherical gas bearing involves replacing the azimuth/ 
elevation drives of the Deployed Wide Angle Gimbal with a gas bearing, 
but retaining the azimuth table and deployment concept. The gas 
bearing would then be positioned at the elevation axis with, or 
without, an additional gimballing system for fine stabilization. 
Physically mounting the bearing is a problem. The three mounting 
positions available are shown in figure B3-11. Locating the bearing 
within the tube cavity, (a) of the figure, imposes design restrictions 
on the large experiments , e.g., for Sill, IR, and PHG (Sill: Strato- 
scope III; IR: Infrared Telescope; PHG: Photoheliograph), and hampers 
packaging of other experiment groups. Also, the restricted motion 
available with this approach severely limits viewing. Similarly, 
mounting the bearing beyond the tube with the addition of counter- 
weights results in severely restricted motion, (c) of the figure. In 
addition to the volume penalty, the weight penalty is high due to 
the moment arm length available and vehicle space limitations, 
as pointed out previously for the small angle spherical bearing 
analysis. As the third possibility, the bearing could gird the 
telescope complement tube at its center of mass, (b) of the figure. 

As previously stated for the standard telescope mount, a bearing 
this size is beyond the state of the art and would require develop- 
ment. Also, as can be readily seen, hemispherical coverage is not 
possible due to interference between the bearing parts at the 
extremes of rotation in elevation; the azimuth axis presents no 
problem. The arc of travel in elevation is dependent on the 
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(a) 


Figure B3-11. Wide An] 








degree of spherical envelopment of the bearing parts and is esti- 
mated to be +20 degrees. Based on these analyses, the wide angle 
spherical gas bearing configurations of figure B3-11 are eliminated. 

The girded bearing concept, (b) of figure B3-11, may have cer- 
tain inherent performance advantages which warrant further analyses, 
of the concept. An alternative configuration, figure B3-12, eliminates 
the drawback of limited rotation. Two spherical bearing ball/ 
socket segments are mounted on the deployment mechanism at dia- 
metrically opposite positions, as opposed to the ring mount con- 
cept of (b) in figure B3-11. This concept would permit 180 degrees 
of rotation in elevation about a prescribed axis. With this motion 
range, hemispherical coverage is possible when azimuth rotation 
is performed at the azimuth table. Using the girded-bearing con- 
cept, direct stabilization may be possible without the necessity 
for a secondary gimbal system, which would make the system more 
rigid and less complex. Available gas bearing pad size, mechanical 
support, end actuator design, and scavenging are some areas that 
require further investigation to determine feasibility. Also, 
the control problem that may occur with two gimbals as the system 
tracks near zenith will require a solution; perhaps the addition 
of another gimbal. Because of its potential inherent performance 
advantages, the system will not be eliminated although feasibility 
has not been established. 

B3.3.6. Tradeoff - The stabilization systems to be further 
evaluated are : 


a. Flexible Suspension Fine Stabilization 

b. Small Angle Spherical Gas Bearing Fine Stabilization 

c. Coarse External-Internal IMC Stabilization 

d. Wide Angle Spherical Gas Bearing Mount 

All systems use the Deployed Wide Angle Gimbal as the basic 
mount. The coarse external-internal IMC stabilization system and 
the wide angle spherical gas bearing mount require no secondary 
fine gimbal systeiji except for a rotational isolation device for 
the IMC system. The remaining two systems include a secondary 
gimbal system with azimuth, elevation, and roll axes stabilization. 

From a subsystem point of view, a cursory look might suggest 
that coarse external-internal IMC stabilization may be the most 
favorable. However, its impact upon the overall ASM program 
warrants closer examination. Image Motion Compensation (IMC) 
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Figure B3-12. Wide Angle Spherical Gas Bearing, 
Two-Pad Configuration 
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refers to equipment included in an imaging instrument that is 
used to correct for improper tracking by the instrument’s primary 
optical axis. Generally it involves the mechanical motion of one 
component of the optical system (for example, rotation of a folding 
mirror, or lateral translation of a lens) in such a manner as to 
null out the signals detected by a "fine pointing error sensor." 
Image motion compensation is often referred to as involving an 
"image stabilization system" or an "internal vernier system." 

A key element in the IMC system is the fine error sensor. 
(Development and implementation of the fine error sensor systems 
will be required regardless of the technique used to achieve the 
specified stabilization.) The sensor should have rms noise and 
accuracy performance characteristics at least a factor of two better 
than the desired image stabilization accuracy. Ideally, this fine 
error sensor cracks a feature of the image, as formed by the instru- 
ment's main optics. If the same image is observed by the primary 
detector and by the error sensor, instrument flexure problems can 
be overcome with image motion compensation (loop is closed through 
the error sensor) . If a separate optical system is used for the 
fine error sensor, it is necessary to carefully adjust the gain 
of the control signals for the image motion compensation system, 
to prevent undesired image motion effects due to over- or under- 
compensation (IMC actuator loop is not closed through the error 
sensor) . 

For each type of imaging system, there exists a limited number 
of good techniques for IMC implementation. The difficulties (and 
cost) of IMC implementation depend on the characteristics of the 
individual instrument. The main telescope characteristics that 
affect IMC design are detailedin table B3-3 . 

As a general rule, IMC implementation is relatively simple 
if the telescope has a high f-number (f-25 or higher), a small 
field of view (0<1 rarad) and includes a fine error sensor that 
uses the same image used by the scientific detector, such that 
the loop can be closed through the error sensor. All of these 
key characteristics are found in the photoheliograph. Over the 
entire spectral range of the photoheliograph, the sun is such a 
bright source that the image must be attenuated before it reaches 
the detector: no penalty is incurred if part of the telescope's 

image is split off and routed to the fine error sensor. For the 
other candidate telescopes, at least one of the simplifying 
features is not available. 

The f-number of the Stratoscope III telescope is f-12, about 
twice as fast as the f-25 lower limit. While the scientific field 
of view is only 1.8 mrad, the internal fine pointing error sensor 
system can only be implemented if the telescope's total available 
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Table B3-3 . Telescope Characteristics That Affect IMC Implementation 


INSTRUMENT 

( 

ANGULAR 

RESOLUTION 

microradians) 

SPECIFIED 

IMAGE 

STABILIZATION 

(microradians) 

INSTRUMENT 

F-NUMBER 

INSTRUMENT 
FIELD OF VIEW 
(milliradians) 

CONTROLLED 

COMPONENT 

INTERNAL 
FINE ERROR 
SENSOR 
FEASIBILITY 

PHOTOHELIOGRAPH 

0.6 

0.5 

3.85/50 

0.9 

Folding 

mirror 

Yes 

STRATOSCOPE III 

0.5 

0.5 

2.2/12 

1.8 

Secondary 

mirror 

Possible 

INFRARED TELESCOPE 

2 

<2.5 

1.5/10 

1.5 

Secondary 
or folding 
mirror 

Doubtful 

XUV SPECTROHELIOGRAPH 

3 

0.5 

12 

9 


No 

X-RAY TELESCOPE 

2.5 

0.5 

10 

3 

Detector at 
image plane 

No 










field of view is on the order of 20 mrad (about 1.2 degrees) to 
insure that sources bright enough for fine tracking will be found 
within the field of view with high probability. All components of 
the imaging optical system must be large enough to handle a large 
image field (about 30- cm diameter) with comparatively fast (f-12) 
optics. The component currently suggested for mechanical control 
in an IMC system is the secondary mirror of the Cassegrain optical 
system. For the Stratoscope III telescope, the secondary mirror 
must be approximately 40 cm diameter; after allowance for a mounting 
and support structure, the secondary assembly will have a mass of 
40 to 50 kg. Precise positioning of such a massive component with 
a fast response servo system is not a simple problem. Feasibility 
of a closed-loop IMC is not yet verified, but seemg to be within 
the current state of technology. 


For the infrared telescope, the f-number is even lower, f-10 
nominal. The scientific field of view is conveniently small (1.5 
mrad). Implementation feasibility of an internal fine error sensor, 
using the main instrument optics, is doubtful at best. The narrow 
field of view limits the availability of bright sources. The in- 
strument's operating wavelength range is at considerably longer 
wavelengths than the sensitive range of the standard optical sensors 
used for error detection. Therefore, only open-loop IMC appears 
feasible. It should be emphasized that the low temperature cryo- 
genic environment (20 K) within the instrument is undesirable for 
accurate mechanical motion and control of an optical component. 

The XUV Spectroheliograph's image field is curved, with center 
of curvature approximately midway between the entrance aperture and 
the concave imaging grating. The grating is the only optical ele- 
ment- available for IMC control; grating rotation will induce some 
undesirable focus errors, particularly at the ends of the image 
field. It is deemed impossible to develop an internal fine error 
sensor using the instrument's main optical train, due to the low 
level of solar flux in the extreme ultraviolet, the dispersed nature 
of the images, and the limited availability of distinct solar fea- 
tures in the XUV range sharp enough for precision tracking (these 
only appear occasionally). Only open-loop IMC can be mechanized. 


For the X-Ray Focusing Telescope, it is not possible to use 
an intermediate optical component to achieve IMC, simply because 
none can be used. Either the primary objective system or the 
detector system must be translated laterally to compensate for 
tracking errors. (An alternative was suggested, involving the trans- 
formation of the x-ray image to an electron image on a thin-window 
photocathode. The electron image could then be stabilized (open 
loop) using star sensor outputs for control signals. This technique 
is adequate for an imaging experiment, but is invalid for spectro- 
metric experiments.) Both of these components are massive, and are 
at opposite ends of the instrument, far removed from the instrument’s 
center of mass. If either of these components is translated, 
high induced torque levels will develop which will adversely affect 
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other instruments in the telescope system. The fine error sensor 
cannot use the telescope image, so that IHC is restricted to open- 
loop operation. The anticipated flux level is usually too low to 
allow splitting off any part of it, and only on rare occasions are 
the solar features sharp enough in this speclral range for good 
tracking accuracy. 

It is recognized that Stratoscope III is a special case, due 
to the high similarity of the optical configuration with that of 
the Large Space Telescope (LST) . If a design for an IMC system is 
developed for LST, it can be scaled down and used in the Stratoscope 
III instrument, thus realizing a substantial cost savings in the 
overall space astronomy program. 

Based on the above discussions, budgetary estimates of the 
cost of developing and implementing satisfactory IMC systems for 
the five instruments are shown in table B3-4. 

Overall ASM program cost would be increased by at least $6*4 
million in order to incorporate the internal IMCs required 
by the experiments. Also, adding internal IMCs to the experiments 
would in effect reduce the reliability of the stabilization system 
since the stabilization system performance is now directly tied to 
the internal IMC system. Most of the trade-off parameters are sum- 
marized in table B3-5 . Power consumption is essentially the same 
for all systems, but the volume and weight data favor the coarse 
external-internal IMC system, although not by an appreciable margin 
compared to the flexible suspension system. In view of the high 
cost of implementation and marginal volume and weight advantages 
compared to the flexible suspension gimbal, the coarse external- 
internal IMC is not recommended. 

The spherical gas bearing secondary gimbal concept has sig- 
nificant disadvantages in the volume, weight, and cost categories, 
although not as costly as the coarse external-internal IMC system. 

It is estimated that gas bearing supports will require about 3 500 
lb of gas for a 160 hr mission, without scavenging. Exhaustion as 
much as 7 lb of gas per hour at low velocities will result in a 
strong contribution to the gas cloud surrounding the spacecraft. 

For example, if nitrogen were used, the anticipated cloud might 
be virtually opaque to radiation in the far ultraviolet and x-ray 
spectrums. For these reasons, the spherical gas bearing is not 
recommended as an approach for fine stabilization. However, the 
spherical gas bearing approach might be subject to future investi- 
gation for the system has advantages in that it is more mechanically 
rigid than a gimbal system and is nearly frictionless, which may 
be important factors in achieving 0.1 arc-seconds stability. Simi- 
larly, the wide-angle spherical gas bearing mount is not recommended, 
but due to its potential inherent performance advantages might be 
subject to future investigation at the same time. 
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Table B3-4 . Estimated Cost of Image Motion 
Compensation Subsystems 


INSTRUMENT 

COST OF IMC DEVELOPMENT 
AND IMPLEMENTATION ($K) 

PHOTOHELIOGRAPH 

200 

STRATOSCOPE III 


a. If LST development 
available 

1 000 

b. If LST development 
not available 

1 500 

INFRARED TELESCOPE 

700 

XUV SPECTROHELIOGRAPH 

1 500 

X-RAY TELESCOPE 

3 000 


6 400 (or 6 900) 
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Table B3-5. Estimated Parameters for Candidate Stabilization Systems 


STABILIZATION 

SYSTEM 


Flexible Suspension 
Secondary Gimbal 


Spherical Gas 
Bearing Secondary 
Gimbal 


Coarse External 
IMC Interior 


Wide Angle Spherical 
Gas Bearing Mount 


VOLUME m“ 


WEIGHT, kg 

POWER, WATTS 

COST, $ 

RELIABILITY 
MTBF (HR) 

1 360 

1 500 peak 
500 avg 

600 000 

15 000 

3 000 

1 500 peak 
400 avg 

3 100 000 

20 000 

1 050 

1 500 peak 
1 500 peak 
500 avg 

6 880 000* 

20 000 

2 800 

1 500 peak 
400 avg 

3 100 000 

20 000 


*Includes $6 400 000 for internal vernier implementation 


































The recommendation for the telescope fine stabilization system 
is therefore the gimbal/roll ring system utilizing flexible sus- 
pensions/rolling element bearings. 

As mentioned earlier, the high energy array is deployed and 
stowed in the same manner as the telescope complement. Depending 
on whether CMG or RCS is used for orbiter stabilization, two levels 
of hardware commonality are possible. The azimuth and elevation 
coarse pointing /deployment hardware would be utilized for both 
the high energy array and the telescope complement tube. Regard- 
less of orbiter stabilization technique, the telescope complement 
requires three axis fine stabilization. For the high energy array, 
the flexible suspension gimbal system without a roll ring would be 
required for a RCS stabilized orbiter configuration. For a CMG 
stabilized orbiter , no fine stabilization would be required for 
the high energy array. The effects on hardware commonality for 
the telescope and array as a function of orbiter stabilization 
are shown in table B3-6. These are estimates of the volume, 
weight, power, cost, and reliability of combined gimbal-experi- 
ment systems when used in conjunction with a CMG- or RCS-stabilized 
orbiter. The differences result from the need for an additional 
secondary two degree-of-f reedom isolation system for the high 
energy arrays when the orbiter is stabilized by RCS. This 
additional system is not required for a CMG stabilized shuttle 
orbiter. 

A CMG shuttle orbiter stabilization system was selected 
principally on the basis of experiment contamination. The 
candidate RCS systems considered are less expensive than a CMG 
system and their cost savings over a CMG system would more than 
offset the apparent cost advantage of the CMG system shown in 
table B3-6. But cost cannot be the only consideration; mission 
and experiment objectives must take priority. The principal 
disadvantage of a RCS system and the reason it was not selected 
is that it is a major source of experiment contamination and 
thus would interfere with the objectives of the ASM missions. 

A CMG system by contrast is virtually contamination free and this 
is the main reason for its selection. 
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Table B3-6 . Telescope/HE Array Estimated Parameters 
Vs Orbiter Stabilization Technique 


COMBINED TELESCOPE AND 
X. HIGH ENERGY ARRAY 

PARAMETERS 

ORBITER ^ 

STABILIZATION 

VOLUME m 3 

WEIGHT, kg 

POWER, WATTS 

COST, $ 

RELIABILITY 
MTBF (HR) 

CMG 

3.9 

2 300 

3 000 peak 
500 avg 

800 000 

15 000 
(telescope) 

30 000 (array) 

RCS 

4.8 

2 600 

3 000 peak 

850 avg 

1 070 000 

15 000 
(telescope) 

?0 000 (array) 
















B3.4. SELECTED TELESCOPE FINE STABILIZATION SYSTEM DYNAMICS 
AND PERFORMANCE ANALYSIS 


B3.4.1. Telescope Shuttle Orbiter Dynamics - Assume that 
the ASM telescope complement and the shuttle orbiter are both 
rigid bodies and that these two bodies are free to rotate with 
respect to one another. The telescope complement and shuttle 
orbiter are attached through a set of three degree-of-freedom 
gimbals. Neglecting the masses and inertias of these gimbals, 
assume the telescope and shuttle orbiter are attached as shown 
in figure B3-13 by a hinge point defined by the geometric center 
of rotation of the gimbals. From the figure, the equations of 
motion of body 1, the shuttle orbiter, and body 2, the telescope 
com r ' Istnsn ti sirst 


body 1 


2 -> 
d B, 


VWttV 

dt 

du. 

J i ■ ( 3r> R^r v VVV f H 


(130) 

(131) 


body 2 


d 2 B„ 


V'.'i'if 1 . 

duj 

V ( drK x VvVVV ? H 


(132) 

(133) 


where 

Fjj is the reactive force transmitted through the hinge point 
acting on body 1. 

F^* Fj are the resultant forces acting on bodies 1 and 2, 

respectively minus F„. 

n 

is the reactive torque transmitted through the hinge point 
acting on body 1. 
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Figure B3-13. Orientation of Body 2 With 
Respect to Body 1 
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a + 


■> “► 

T^, T 2 are the resultant torques acting on bodies 1 and 2, 


respectively minus T u . 

n 


~T- —r 

ti)^, are the rotational rates of bodies 1 and 2, respectively. 
( “lx- %■ “a- “2x- “2y’ V 

^1’ ^2 are * nert * a tensors of body 1 and 2, respectively. 

(J lx’ J ly’ J lz’ J 2x’ J 2y’ J 2z } 
m 2 are the masses of bodies i and 2, respectively. 

d d 2 

( dtV ( T -j ) r are the first and second time derivatives with 
dt 

to the inertial reference frame, respectively. 

Adding equations 130 and 132, 


- d d Bj .2* 

F l+F >m (-^>^2 (~T) 

X dt R 1 dt R dt R 


(3 34) 


where 




Using the geometry shown in figure B3-14 an expression for B x 
can be Written in terms of B, ^ n» 2 and m as follows: 


2 equals 


From figure B3-14, 


■i d r m 2 d 2 


v 

d_* — d. 
2 m 2 1 


(135) 


(136) 


R r R 2 " d i +d 2 

Substituting equation 136 into 137, 


(137) 




VV< 1+ U 

*• 4 1 m_ 1 ra« 1 
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Figure B3-14. Relationship of Center of Masses m 2 , and 
m With Respect to Hinge Point 
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( 138 ) 


m 2 -*• -*■ 

V » ( W 


Note that Bj^ equals 


VH 


Substituting equation 138 into 139 , 

■+■ -v m 2/> -*■ 

B--B- — (R.-R.) 
1 m 1 2 

Substituting equation 140 into 130, 


t ,d 2 B, m l m 2 r d 2 

F l +F H* ,n l , 2 R" m , 2^ R 1 R 2 )] R 
at at 


Solving for F u using equations 134 and 141, 

n 


F H“ m l^ F l +F 2^ m ^ dt 2 ^ R l R 2^R“ F 1 

- — Fj- — f - — r » 2 ) ] r 

-> 2^ dt 
dR 1 d R x 

(— — )„ and ( «)„ can be written as follows: 

v dt R .2 R 

dt 

dR ! -* - 

- - , dR l x 

-xR. +m x (— r— •) , 


d 2 R 

( — b 


dt 


2 R dt n l T v dt R 


du. 


-^cR^xC^xRj) 


Body 2 can be thought of as a moving part of body 1, therefore 
1*2 is a variable with respect to body 1. Let 

-* -> -* 


(139) 


(140) 


(141) 


(142) 


(143) 


(144) 


( 145 ) 
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tj is the angular velocity of body 2 with respect to body 1. 

dt 


‘2 d 2 iL 

'“d^R S ” d e 1 ual 


^2 dR 2 -*■ -*■ 
( dt *r" ( dt ) ml +W l xR 2 


( 146 ) 


d 2 R 2 d \ d ^l - - /V 

( TT' ) R m( 7T ) ini + dF _xR 2 +0J i x( dt \ 
dt dt 


(147) 


dR„ 


d 2 !„ 


where (-—) , and ( — =■=■) . are the first and second derivative of 
dt ml . I ml 2+ 

dR 2 d R 2 

R 2 with respect to body 1, respectively. (^t - ^ml and ^ 2~^m2 

equal 


d R , 

( dr , »i'“‘ R 2 


(148) 


, d R 2. du J » , dR 2, 

'ryV dF xR 2 a,ux( dr ) m i 

at 


du) ■+* v 

» ^xR 2 -Hi>x(wxR 2 ) 
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(149) 


(*-?)* equal 
dt 2 R 


Substituting equations 148 and 149 into 146 and 147 > (^ ) R and 
^ equal 

(^-) r -uxR 2 +w 1 xR 2 (150) 

2 -*- 

d R - 

' 2v dcu “► “► v -► N 

( — 2~) r - ^■xR 2 +W3 <(uxR 2 )+to 1 x(a)xR 2 ) 

dt 

-*■ 

daj^ ^ ^ 

dt xR 2 ^ w i x ^ wxR 2 > (151) 


Substitute equations 150 and 151 into equation 142 and let 


M« 


a l m 2 

m 


(152) 
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F„ equals 

H 


m, m„ du>, 

V irV ^r MI dr x *i 4 “i x( “i x "i ) 


-► 

dui 


■ ► ► 


d t xR 2 _UJx ^ UJxR ’> ) _aJ i x ( £ * ,xR 2 ^ 

->■ 

do). ^ 

- xR 2 _2( ^i x ^ xR 2^ ^ 


( 153 ) 


Substituting this -"xprsaoion fo* in the two rotational equations 


of motion 131 and 133, 

-► 
doj 


1 -*• m i-*- m 2-*- 

j . +tu xJ -oj -T.+T^+R.x — F_- — F. 
ldt 1111H1 m2 ml 

dto ^ ^ 

-M (-^xRj ) -Mu 1 x ( 2 1 xR x )+M (^xR 2 ) 


du 

+Mi^ (toxR 2 ) +Mui 1 x xR 2 )+M (j^xR 2 ) 


-2Mw 1 x(ujxR 2 ) ) 


(154) 


dw 


2 + 


m, m„ 
li 2J 


VST ^’‘VVVVV'-SV "?! 

dco- -* 

- M( dr t *i ) - M “i x(:: i x *i )+M <^ xi 2 ) 




dw. 


+Mwx (wxR 2 ) +Mw 1 x ( u> 1 xR 2 )+M xR 2 ) 


-2Mlo 1 x(uxR 2 )] 


(155) 


In order to develop a linear model, all terms in the equations 

du dto l dw 2 

that contain products of w, , w 2 , and ~ are eliminated. 

The resulting linear rotational equations of motion are* 
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du} J + «v + ^ 

Vl7“ “T 1 + T 11 + R,xF - -Sa sF- 
1 dt I H m 1 2 rail 


» -«■ . 2 


doj. dw , 

-> • 

- (a i o dr )R V 


( 156 ) 


d “2 -> - V - a ? - * 

J 2°dt £eT 2"" T H~ m R 2 xF 2 + ~^2 Xl? l 

-V 

dor 


dw, 

-•♦■*•- 1 


««VV^-<V^>V- m i<VV;e 


, , ,*I 2 


. du) o 

(R 2 - dr )R 2 I 


(157) 


Assume that the raoticm of body 2 does not significantly 
effect the dynamics of body 1. This assumption is valid since 
the inertias of the shuttle orbiter, body 1, are much larger 
than those of the telescope complement, body 2„ and also be- 
cause the relative motion between the orbiter and telescope 
complement while the telescope complement's fine stabilization 
system is operating will be small. The motion of body 1 can be 
thought of as input to the dynamics of body 2. Assume that the 

reactive torque T^ is small (T H =0) . The torque ? 2 acting on 

body 2 is assumed to equal 


where 


T ~T 
2 2D 2C 


(153) 


■<* 

^2D tSBultant disturbance torques acting on body 



A 2 q ^ 8 fine stabilization control torque acting on body 


2. 


f 2Cx’ T 2Cy 


T 2C S > 


Hi® three cuslsl rotational equations o£ Ention Sox 
are 


2 
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2 2 dtlJ 2x 

[J 0 +M(R. +R -T„„ +MR„ R 


du 


2Z 


2x 2y 2z dt Dx ‘2Cx ‘“'2x 2y dt 
dt °2z 

+MR 2x R 2z-dT 


du„ 


du* 


[J. +M(R +R_ -T_ -T 00 +MR„ R„ — ^ 

2y 2x 2z dt Dy 2Cy 2x 2y dt 

du„ 


+MR„ R 


2z 


2x 2 z dt 


2 2 duJ 2 

[J 0 _+M(R,./+R,./) ]-r^ -T„ -T_ +MR„ R 


du 


2x 


2z 2x 2y dt *Dz *2 Cz "^x^z dt 
du. 


+MR„ R 




2y 2z dt 


where 


T Dx" T 2Dx' m (R 2y F 2z" R 2z F 2y )+ m^y^z'^z^y 5 

du. du du, 

+M(R, R. +R R )—r^ -MR, R — -MR R ±£ 

ly 2y lz 2z dt lx 2y dt lx K 2z dt 


T Dy’ T 2Dy m (R 2z F 2x" R 2x F 2z )+ m^Vlx'V^ 

du)« dco Hm 

-“Vzx-dir +H «l,*2x +R l 2 V^ " MR ly R 2 2 _ dT' 


n. 


m* 


T Dz T 2Dz m ^ R 2x F 2y" R 2y F 2x )+ m^ R 2x F ly -R 2y F lx* 


du 


lx 


du. 


"“lAx dt “ MR lz R 2y~dt Z +M(R lx R 2x +R ly R 2y )_ dt £ 


du 


Figure B3-15 is a block diagram of this system. H (s), H (s) 

x y ’ 

V s) are the transfer functions for the X, Y, and Z axis fine 
stabilization actuators, respectively, e , e , and e are the 
rotational displacements of the X, Y, and Z axes due to the T 

Dx 

F Dy’ and ^Dz d ^- stur bances . 


( 159 ) 


(160) 


(161) 


and 
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The Laplace transforms of e , e , and e as a function of 
T Dx* T Dy’ and T Dz are: 

A’s 2 

+ m 2» R 2v C » (e)G v (a )tUM» 2z 2 C 2 (s))T I)v ( a ) 

A’s 2 

+ ^2x R 2z G x (5)G z (s)[14HR 2v 2g v (3)3T J) 2 (8 ) 

A's 2 


e y (s)= 


MR 2x R 2v G x (s)G y (s) f 1+MR 2z 2G 2 (a)3T nv< 8 ) 
A's 2 

, C v (e)tl - M2R 2, 2r 2 z \( 8 )«,<^)^(3) 

A’s 2 

. MR 2y lt 2 a 1: v (s)C z (s >l 1 ' , -H R 2, 2G » (s » T n ,. (s > 

A’s 2 


e_ (s)-= 


MR 2 x R 2 z G x (a)G z ( 8 ) t^ MR 2 v 2 G v (s)]T nv (3 > 


A’s 2 


. Wy (9 } ' G z (a > [ 1+MR 2x G x (a > 3T rw (•> 
A's 2 

G z (s)[1-M 2 R 2x 2 R 2v 2 Gx ( 8 ) Gv ( 8 ) ]Tdz ( s) 

A’s 2 


(162) 


(163) 


(164) 


where 


2 ~ 2 

, 2 „ 2 „ 2 


2 x R 2 z G x (s)G v ( s) 


' M " R 2y‘ R 2z‘ G y <s)G x (s >- 2H3 l>2x 2R 2y 2R 2z 2G x (s>G y (s)G z (s ) 
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The transfer functions G 

x 

Laplace transforms of e^, 


(s) , G (s), and G (s) contained in the 

y * 

e , and t are 

y z 


G ( g )„ j 2 

J. +M(R, +R„_ )+H (s) 


2x 


2y 2 z 

1 


G (s)“ 2 „ 

y +M(R 0 +R n )+H (s) 


2y 


2x 2z 
1 


V«>- 2 2 

J 2z +M(R 0 „-+R o .. )+H_ (s) 


( 165 ) 


(166) 


(167) 


2x 2y 


B3.4.2. Telescope Fine Stabilization Servo Design - The 

transfer functions H (s), H (s), and H (s) shown in fieure B3-15 

x y z 6 

correspond to the pitch, yaw, and roll telescope fine stabiliza- 
tion actuators, respectively. The telescope fine stabilization 
system utilizes flex-pivot suspension to stabilize the telescopes 
in pitch and yaw and a servoed roll ring to isolate the telescopes 
in roll. In this section, the actuator transfer functions H^s), 

H (s) , and H (s) are derived in order to perform a preliminary 
y z 

performance analysis of the system using the block diagram con- 
tained in the figure. Note that H (s), H (s) , and H (s) are the 

* y _► ^ 

transfer functions relating the control torque T as a function of the 
telescope rotational acceleration w. 


"x (s) - 


T (s) 
cx 


u x (s) 


H y (s)= 

H ,(s)- 


T (s) 

c y 

“y( S ) 

T ( s ) 

cz 


V 8) 


(168) 


(169) 


(170) 


Figure B3-16 contains the mechanical networks used in this 
report to describe the dynamics of the flex-pivot and roll ring 
systems. The flex-pivots are assumed to be frictionless springs 
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(a) Pitch and Yaw Actuator 
Model 


(b) Roll Actuator Model (c) DC Motor Electrical Armature 

Network 


LOAD: 


SYMBOLS 

MOTOR : 


J - LOAD INERTIA 
9 l - LOAD ANGUI.AR DISPI.ACEMENT 
K - FLEX-POINT SPRING CONSTANT 
B - ROLL RING DAMPING COEFFICIENT 


Figure B3-16. Flex-Pivot, 


T c (t) - MOTOR OUTPUT TOROUE 
3 _ MOTOR ANGULAR DISPLACEMENT 

p. 

* - ARMATURE RESISTANCE 

a 

- ARMATURE INDUCTANCE 

i - MOTOR BACK EMF 
m 

^ - ARMATURJ, EXCITATION VOLTAGE 

i - ARMATURE CURRENT 
a 

Roll Ring, and DC Motor Models 




with a rotational spring constant K. The dynamics of the mil 
ring are modeled by a mechanical rotational damper with 
dating coefficient B. Thi. deeper describes^ 'dlmpL action 

Also^contained iTAl 1( ' *««■ 

“ ‘:r:£r he <Wcs ° f 

zero. The system block diagram of figure . 

independent pitch, yaw and rnll him u 3 15 reduces to the three 
B3-17 Thifi f , , blOCk dla 8 rams shown in figure 

, 17. Thie figure 1. used to determine H (a), H (a), and H (a). 

Assume that the inertia characteristics of th* rJ 2 

are: lcs of the telescope complement 


J 2x aJ 2y = ’ 1 900 k 8~ m2 (1 400 slug-feet 2 ) 
J 2x =800 k 8 - ® 2 (600 slug-feet 2 ) 


(171) 

(172) 


a 


: ( t ) =K T i 


(173) 

B3-16 is eqUat± ° n for the armature winding shown in (c) of figure 

di 
L 

(174) 


Vdt +r a 1 a +3 m =e a 


The back EMF voltage, e^, i. proportional to the motor speed. 

d0 

e =K — ^ 
m m dt 


Substituting equation 145 into 144. 


(175) 


di 


d0 


L — r— +r i -i-v 21 

a dt Va+Vdt " e a 


(176) 


the dynamics ^of B3 ' 16> 


d 2 0. 


T c (t)»K(0 -0 )=j- 

m L dt 2 


(177) 


B3-69 




(a) Pitch Axis Control System 



(b) Yaw Axis Control System 



(c) Roll Axis Control System 


Figure B3-17. Rlock Diagram of Telescope Fine Stabilization 
System With r 2 x =R 2y =R 2z" 0 
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( 178 ) 


Using equations 173 and 177, i and 9 equal 

a Ul 


“l dt 2 


J 

6 »" ^ ^ ^ 


Substituting equations 178 and 179 into 176, 

L J K J d 3 6, r J d 2 6, d0 T 

\ K dt 3 "l dt 2 

Assume the armature inductance L equals 2 ero, 

a 

K J d 3 e x r J d 2 0 d0 T 
J5 t + _9_ _ it +v _t =e 

K at 3 dt 2 mdt * 


From equation 181, the Laplace transform of 0 equals 


0 L (s) = 


e (s) 

a 

KJ . r J 

8 hr* + TC + V 


Assume the armature excitation voltage e is proportional to the 

a 

telescope body rate u> and position e. The Laplace transform of 
e (s) equals 

K 

K u(s) K u(s) K r (s+ 

% (8) - -V- + r 08 

s s 

and are the constant rate and position control gains, re- 
spectively. Using equations 177, 182, and 183, the transfer 
T c (s) 

function equals 

w (s) 


t (s) r L(s+ 


2 Kr a K 

s[s + d? + f ] 

m T 
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From equation 184 H x (s) and Hy(s) equal 


H x (s). 


T (») 
cx 

• 

<jj (s) 

X 


KK K 

m rx 

2 Kr » v 

sIs + rb + 3r 1 

m T 2x 


( 185 ) 


h r*\, 

"y"" 


T (s) 

cy _ m rv 


ll) (s) 

y 


2 Rr a K 
s[s + v~z~a+ — ] 


K .V 


2y 


U86) 


K px’ K rx’ K py’ and K ry are che rate and position gains associated 
with the X and Y axes. 

T ( s ) 

Using figure B3-17, assume the actuation systems =- - . and 

T (s) T Dx ( s) 

cy , 

X have 5 Hz bandwidths. Since the inertias J. and are 

DY(s) 2x 2y 

equal and because Rjx’ ^2y’ and R 2z are assumed to be zero, the 

transfer functions G^fs) and G^(s) are the same. The transfer 

T (s) 

function equals 

Dx v 


T cx (a > 


K’(s+Z) 


S 3 +Rs 2 +(~ +K’)+K ? Z 
J 2x 


(187) 


where 


KK 


K’« 


rx 


K J„ 
m 2x 


K 

Z- 

K 

rx 


Kr 


Vr 
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Let 


T (8) 
cx 

where to corresponds to the closed loop bandwidth of = — s-r in 

T Dx (8) 

radians/second. (to=31.4 radians/second) 


T cx ( ^> ^ K * (jto+Z) 

T Dx (JUJ) j[(y — +K')to-to 3 ]+K'Z-Ri 

J 2x 

T (s) 


Since to corresponds to the bandwidth of 


T Dx (8) ’ 


TJJw) 

= °‘ 5 ( 

The following relationship results from equations 188 and 189, 

(K') 2 (Z 2 +to 2 )«0.5[(j- +K')to-to 3 ] 2 +0.5[K’Z-Rto 2 ] 2 (; 

2x 

The above expression can be written as 

(K') 2 +aK'+b-0 n 


where 


2 K 9 L 

2 (ZRw - jto +to ) 

2 2 
Z+to 


2Kto ,Kto N 2 6 _2 4 

(_ ) _ w _R w 

J 2x J 2x 


2 2 
Z+to 


In terms of a and b, K' equals 


v* -a^Vja -4b 
2 
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Assume the DC motor and flex-pivots have the following 
parameters : 

DC motor: 

r ”1.5 ohms 
a 

Kj,*0.52 ft-lb/amp“0.719 N-m/amp 

K “0.72 volts/ (rad/sec) 
m 

Flex-pivots : 

K-6 N-m/rad 

Also assume that the gain ratio Z equals 0.3. For a 5 Hz band- 
width system, u equals 31.4 radians/second. The resulting values 
of a, b, and K* are 

aS2w 2 ”1.97xl0 3 

bSu) 4 -R 2 <A-1.27xl0 6 

K'«510 

The rate and position gains K and K equal 

rx px n 

K J K' 

^rx™ m k* • 16x10 vo 1 1 8 / (rad/sec) 
Kp x ”ZK rx ”3.49xl0 4 volts/rad 

Since H^s) and H y (s) are the same, the rate and position gains 
K ry and K py for H y (s) are 

^^■K^-l.lbxlO 3 volts/ (rad/sec) 

K py " K p X "3.49xl0 4 volts/rad 

The above gains K fx> K px> K ry , and K py completely define the trans 
fer functions H x (s) and H y (s). 
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H x (8) - 


KK K 


m 


rx 


2 Kr a if 

8[8 + 


KK K 

~2-(s+ j^) 

V>- ^r^- 


8[8 ‘ + ^T + 1 1 


For the general case where R^, R^, and R^ are not 

transfer functions H (s) and H (s) are 

x y 


H X (S) ’ 


KK K 

rX -(s + jEE) 

rx 


K 


2 Kr a If 

■ [s + ic 




KK 


K 


H ( 8 ) “ 

y 


^*(s + -HL) 


Kr 


J3L 


2. a . K 


s[s + „ s+ 


" KT J 2y +M <»2x 2 « 22 2 > 


From equations 165 and 166, the. transfer functions G 


are 


x 


G X M- 


ars2+ fr-1 

rax a 2x 

? Kr ~ 

J 2x^ 8+ a -' K 


KK 


inr* + 3~r] + -*=(*■ J«) 

ra x 2x m rx 


2 Kr a v 
s[s> s— s+ 5 — r ) 


G (s)' 

y 


W J 


0 Kr 

a 




J 2y’<*‘ + iTV + r-rH 9* (s+ 3*) 
m X J 2v *Sn K 


KK 


2y 


K 

ra 


ry 


(185) 


(186) 


zero, the 


(193) 


(194) 


(s) and G (s) 

y 


(195) 


(196) 
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where 


J 2*'- J 2 * +M(R 2 y 2+I >2* 2> 

v-v m<r 2xH/> 

of thf roll ' <C> °* B3 - 16 ’ the d ™"‘- 


d 2 0 

T c (t, ‘ J ~T 

dt 


d8. 


At- 


(1 97) 


Using equations 173 and 196, i equals 


. J d \ B d6 L 

i - =■ + L 


a 


*r 


dt‘ 




dt 


(198) 


Note that 


Substituting the above expressions for i & and 0 m into the DC 
motor armature loop equation, equation 176 


V . ,V , r a J . d20 ,. / a B «> 

K i + (lT' + z — ) V + (~- +K )~ 


*Td« 3 's v?T 


Assume L equals zero. 

d 


V d e L r B de 

k 2 + ^r~ ■ fK m );nr' “ e 

T dt *S: m dt a 


( 200 ) 


( 201 ) 


From equation 201, 


the Laplace transform of 0 equals 

L 



( 202 ) 
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Assume 


r B 

“°' 1 K tn 


B then equals 


B=0 . 1 


“m*! 


( 203 ) 


Assume the DC motors that drive the roll ring and flex-pivot 
system are the same. Substituting the appropriate motor para- 
meters into equation 203 , B equals 

B“0.03A5 N-m/(rad/sec) 


Just as in the flex-pivot case, assume that the armature 
excitation voltage e is proportional to the telescope body rate 

w and position £. e (s) equals 


e (s)* 
a 


V s+ k E)( ^ ( s) 

r 


(183) 


T (s) 

Using equations 183, 197, and 202, the transfer function — 


equals 


0)(s) 


Vs) 

U)(s) 




7 ^ r B 

8 [8+ j7 ( k7 + V> 


From equation 204, the transfer function, H (s) equals 


H z (s). 


M K 

t (s) T (s+ j 7“ )(s+ ^ 


cz 


U) (s) 

z 


2z 


2 

s*[s+ 


\ r B 
a 2z S m 


r J 


(~ +K ) ] 


(204) 


(205) 
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^rz anc * ^pz are rate anc * position gains associated with the 


Z axis stabilization system. 

Assume that the roll actuator system 


T (s) 


cz 


has a 2 Hz band- 


T (s) 
cz 


width. For R^, R 2y , and R,^ equal to zero, equals 

Dz 


m / \ 

* „ WJ 

CZ 

t d, (8) 


K ’ r'a-t. 


— \ l ni.7 \ 

J, 

2z 


S 3 +( J. + Yjl +k . )s 2 +k , ( ^ +z)s+ OZ 

2z Vi! J 2 z J 2z 


(206) 


where 


K’- 


KK 
T rz 

r J ~ 

a 2z 


K 

z = _E* 

Z K 

JfZ 

To compute the gains and K pz> let B equal zero and 

S'vjU) 

. . T (s) 

where u corresponds to the closed loop bandwidth of — cz , . i n 

T Dz ( s) 

radians/second, (w-12.57 radians/second) 


T (ju) 
cz J 


K 1 (ja>fZ) 


T Dz (JW) jK'uH-(K'z-u) 2 ) 

T (s) 

Since w corresponds to the bandwidth of “ , , 


(207) 


V J “> 




2 

-0.5 


(208) 
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The following relationship results from equations 207 and 208 , 


{v ,.2 2K’Zu) K' aT 

' 2 2 2 2 
Z (Z +0) ) 


- 0 


Let Z equal 0.3. K' equals 


( 209 ) 


K'-12.3 


( 210 ) 


The rate and position gains K and K equal 

rz pz 

K'J. r L 

K rz “ “2.05x10 volts/ (rad/sec) 

T 


K pz" ZK rz“ 6 ‘ 15x10 volts/rad 

The gains K rz and K completely define the roll ring transfer 
function H z (s). 

- 2 r Ei (a+ J 5 -) (s+ 

H ( 8 ). -1* ** 


rz 


2 S r * B 

s 2 [s+ ^ ' 8 


(205) 


rJ Ht+V 1 

r a J 2z S m 


For the general case where R , R , and R„ are not zero, 

Zx 2y 2z * 

the transfer function H (s) equals 


S K rz 


(s+ 


“,(■)" 


s 2 [s+ 


^ 2-) (s+ Ji) 

wv « 

•9 V 

(~U~ +K )] 




Using equation 167, G (s) equals 

z 


( 211 ) 


G (s)- 
z 


V- 2 <- «V>* £-><- 


2 K_ r B 

8 [8+ — (-®_ +K ) ] 

a 2 k' S m 

s 

-zS7 ( S 


V, 


( 212 ) 


2z 


rz 
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where 


J 22 '.J 2j+ M(E 2x 2 + R2 y 2 ) 


B3.4.3. Telescope Fine Stabilization System Performance 
Analysis - The linear dynamics of the telescope fine stabiliza- 
tion system were derived in section B3.4.1. Figure B3-15 is the 
resultant block diagram of this linear model. This model is 
used to determine the gross stabilization capabilities of this 
system and to determine the effects of the telescope center of 
mass being offset from the intersection of the three stabiliza- 
tion control axes. The results of this analysis should not be 
considered to demonstrate the feasibility of this system. To 
demonstrate the feasibility of this system, a more detailed model 
would be required. This new model should include (1) the nonlinear 
cross-coupling terms deleted from the model shown in figure B3-15, 
03 a CMG orbiter stabilization system with a detailed nonlinear 
CMG model, (3) all analog to digital (A/D) and all digital to 
analog (D/A) interfaces, (4) the bending modes associated with 
the telescope complement and the shuttle orbiter, (5) more 
detailed fine stabilization actuator models including such 
nonlinearitieS as flex-pivot hysteresis characteristics, and 
(6) a detailed disturbance model including shuttle orbiter induced 
disturbances plus those generated by the telescopes themself. 


Using the model derived in this report, the Laplace trans- 
forms of e^, Ey, and e^, the rotational displacement of the 

telescope X, Y, and 2 axes, as a function of the three dis- 
turbance torques T^, T^, and T^ are given in equations 162 

thru 164. 

' « (I) . 

x A'. 2 

A'. 2 

W 2»»2,y*>y»>t»«^ 2 C v («>]T,,.(»> 


4 


( 162 ) 



e y (s)- 


e Cs). 

Z 


+ 


+ 


m 2> R 2v C » (a)G v (8)11+MR 2r 2i: z ( » ) ’ I D, (8 > 

A's 2 

A's 2 

m 2v lt 2z C v (a)C z (5) l 1+MR 2, 2G x (s)1I Dz (il) 


m 2x R 2z g x (8)C z <8)lltm 2y 2c v (8 » T D, (8) 

A's 2 

MR 2v R 2z G v (s)G z (s)|1 ' t - H1! 2x 2G x tli >l T Dv< s > 

A's 2 

Cz(°m-M 2R 2x 2R 2v 2 C,(s)G v (s)]T D z( ! ,) 

2 


where 


.2„ 2 


i '' 1 - M ‘ R 2z" R 2y\ <s)G y (>) - H2R 2x 2R 2z 2c x <8)G y (8 > 

- M2R 2y 2R 2z 2G y (s)G z <8) - 2M3R 2z 2R 2y 2R 2z 2G x (s,G y (8)G z (8) 

The transfer functions G (s) , G (s), and G (s) are given in 
equations 195, 196, and 212. 


2 Kr a K 

sTs + :r-|-S+ r] 


G x (s)- 


K mV J 


2x 


, Kr KK K 

ro i 2x m rx 


G (s)« 

y 


2 Kr a v 

sfs + inr s+ j — rJ 
m'r J 2y 


2 Kr a v KK K 

V s18 + ric^ + JT rl+ “T* 0 * 

in T 2y m ry 


( 163 ) 


(164) 


(165) 


(166) 
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(212) 


s 2 [s+ 


S r a B 

T<-f - + K ) ] 


G z <«>- 


_ T • V v~ 1 

r a J 2 z *T “ 


J 2z ' S 2 Ia + 


*r r a B „ ~ 

np-'-t + \)| + r-r><»+ & 

‘ 2* T r a J 2z K rz 


where 


J 2x'- J 2x +M(,i 2y 2+R 2 Z 2 > 

•>2y’- J 2y + »«2x 2+8 2 ! 2 > 

J - '- j 3 , + »<»,,. 2 +k,.. 2 > 


J 2z - J 2z™'*2x +R 2y 

The torque disturbance T , T , and T are 

ux uy Dz 


r Dx' T 2Dx- i (R 2y F 2z- R 2z F 2y )+ -^Vlz'^zV 


do), dw, 

+M(R ly V'lzV^T -« R 2x R 2yTE I 


-MR, R 


dw 


lz 


lx 2z dt 


T m i 

Dy‘ T 2Dy- iT <R 2z F 2x" R 2x F 2z )+ ^ (R 2 z F lx- R 2x F lz ) 

+ «< R Xx W2z>^ 

dw. 


-MR, R 


lz 


ly 2z dt 


m. 


C Da' T 2Dz- m (R 2x F 2y- R 2y F 2x )+ ^x Wlx 1 


dU) lx d(jJ 1 

-MR. R — i* _mr R _JZ 
lz 2x dt lz R 2y dt 


dw. 


ViUL)- 

+M(R R +R R )_ ±1 
lx 2x ly 2y dt 


(213) 


(214) 


(215) 
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Contained in table B3-7 are the telescope fine stabilization linear 
model parameters. 

The Laplace transforms c (s) s e (s) » and c (s) can be approxi- 

x y z 

mated as follows : 


C ( s) 

£ x (8) " ~T~ T Dx ( s) 
s 


V»> 

^ “V V a) 


(216) 


(217) 


G( S ) 

e * (8) - ~T“ t dz ( s) 
s 


(218) 


The effect of telescope center of mass offset from the hinge point 
described by R^, R^, and R^ does not significantly affect the 


, „ 2x , „ 2y , „ 2z «« 
e x (s) C v (s) 

transfer functions — , , and 


T d (s) T d (s) 


e (s) 

— as long as the magnitude 

V s > 


of R 2 is small. 


B3-4.4. Experiment Mass Motion Disturbance - Assume that the 
experiment mass motion disturbance T D shown in figure B3-18 is applied 

to both the X and Y telescope fine stabilization control axes (T = 

2Dx 

T 2Dy =T D^ ’ T d * 8 a P ro J ecte d worst case experiment mass motion dis- 
turbance torque. The Fourier transform of T^ equals 

0.2 

T d (*H T D (t)e~ ja)t dt 

_ 1 . 10sin(0. 025co) cos (0. 175(d) 


_ 0. 37sln(0.075tu) cos (0.07503) 


f 0.37sin (0.075W) 


l.lOsin (0.025a)) sin (0.175(d) 


(219) 
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Table B3-7. Telescope Fine Stabilization 
Model Parameters 


Mass and Telescope Inertia Properties 

Shuttle Orbiter mass, m =91x10 kg 

Telescope Complement mass, m 9 =1.8xl0 kg 

3 

Combined System mass, m=92.8xl0 kg 

J 2 x =J 2 y =al 900 k 8 _m2 400 slug-ft 2 ) 

J 2 z “800 kg-m 2 (600 slug-ft 2 ) 

DC Motor Parameters 

Kj=0.52 f t-lb/amp=0. 719 N-m/amp 

K ffl =0.72 volts/ (rad/sec) 

r = 1 . 5 ohms 
a 

Flex-Pivot Spring Constant, K =6 N-m/rad 

Roll Ring Damping Coefficient, B=0.0345 N-m/ (rad/sec) 

Actuator Rate and Position Gains 

“K "1. 16x10"* volts/ (rad /sec) 
r ” 4 

K rz *2. 05x10 volts/ (rad /sec) 

K pz “ K py IB 3.49xl0^ vo Its/ rad 

Kp z *6.15xlQ 2 volts/rad 
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Newton-Meters 
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Plotted in figure B3-19 is T d (oj). Assume that T Q (t) is periodic 
with a period of T seconds. This periodic disturbance T D '(t) 
can be written as the following Fourier series 


« 1 
4 — n 


jna> T 
e J o 


n» 


la |cos(nio t+0_) 

' — I* O it 

n=0 






where 


U) = 

o 


IT 

T 


a = 


n 


T_ (no ) 
D o 

2T 


** a 


n 



Assume the period of the disturbance T^'(t) is one second (T“l sec). 

Table B3-8 contains the rms stability e , e , and e due to this 

disturbance T^'(t) being applied to both the X and Y telescope 

control axes. The desired telescope rms stability about the X and 
Y telescope axes is 0.5 yrad (0.1 sec). Note that the computed 
rms stability about these axes due to T^'(t) is approximately 

0.2 prad (0.04 sec). Although this stability is within the de- 
sired stability of the system, it does not demonstrate the feasi- 
bility of this system, it only demonstrates that this system 
may be feasible. 
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Table B3-8. RMS Stability of e , e , and £ Due 

x y z 

to the Telescope Mass Motion Dis- 
turbance T ' (t), T -T. *T * (t) 

D Dx Dy D 


Harmonic 

n a) 

o 

2 l“J 

RMS Stability (xlO 6 

rad) 

n 

rad/sec 

rad 

e 

e 

e 




X 

y 

z 

A 

u 

0 

0 

0 

0 

0 

1 

6.28 

0.017 

0.035 

0.035 

~0 

2 

12.57 

0.027 

0.043 

0.043 

~0 

3 

18.85 

0.034 

0.054 

0.054 

~0 

4 

25.1 

0.034 

0.038 

0.038 

~0 

5 

31.4 

0.033 

0.020 

0.020 

~0 

6 

37.6 

0.026 

0.009 

0.009 

~0 

7 

43.9 

0.022 

0.005 

0.005 

~0 

8 

50.2 

0.023 

0.004 

0.004 

~0 

9 

56.5 

0.024 

0.003 

0.003 

~0 

10 

62.8 

0.023 

0.002 

0.002 

~0 

TOTAL 



0.213 

0.213 

~0 
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B3.4.5. Telescope Shuttle Qrbiter Coupling Disturbance - 
Note that all but one term In each of the telescope disturbance 
torque equations T^, T^, and T Dz , equations 213 thru 215, are 

proportional to the components of the telescope center of mass 

offset vector, Rg* FoT the model derived in this report, if 

is a null vector, no disturbance originating from the shuttle 

-¥ 

orbiter due to F^ and — — is transmitted through the hinge. 


Assume that the only disturbance torques acting on the 
telescope complement originate from the shuttle orbiter. The 

resultant telescope disturbance torques T , T , and T due to 

Dx Dy Dz 

the orbiter* s translational force F and rotational acceleration 
dU), 


dt 


are: 


du. 


m„ 


-dt>- -S<Vu- r 2 2 V 


dw 


lx 


dw 


f -“i Ars 

do) 


lz 


-MR. R 


“lz 


lx 2z dt 


( 221 ) 


dW l, "2, 


(F , — r-)- — (R_ F. -R- F. ) 
Dy 1 dt m 2z lx 2x lz 

-MR. R 


dw. dto 

ly-axTF 1 +M<R lAx +R U R 2z>-d? 


dOJ 


-MR, R 


lz 


ly 2z dt 


( 222 ) 


dW l m 2 

T Dz (F 1’ dt } " “S (R 2x F ly" R 2v F lx ) 


dw 


-MR, R, 


lx 


du) 


-MR. R„ 


lz 


lz 2x dt lz2y dt 
do) 


(223) 
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Assume that the modified ACPS system described in appendix 
Al, section Al.l, is used to stabilize the shuttle orbiter. The 
modified ACPS thruster characteristics are listed in table B3-9. 
When one of the ACPS pitch, yaw, or roll thrusters is fired, both 

■+ 

dw^ 

an orbiter rotational acceleration and a translational force 
■+ 

F.. is produced. The resultant rotational acceleration —r— and 
i- at 

translational force F^ are pulses with a pulse width equal to the 

thruster pulse duration, t^, therefore, the disturbance torques 

^Dx* T Dy* an< * ^Dz are a ^ 80 s i m H ar pulses. The magnitude of 

dtiT 

1 -»■ 

~^r and F 1 due to firing a pitch, yaw, and roll ACPS thruster are: 
Pitch control thruster: 


dw, 

lx 

d to, 
lz 

dt 

dt 

dto- 

_iz . 

F £ 

-J. = 

dt 

I 


yy 

F, -F= 
lx 

1.8x10 

F af 


ly lz 

control 

thrusl 

dw. 

dw. 

lx 

— ■ at 

_iz. 

dt 

dt 

dco, 

lz 

■ ca 

F£ 

z 


2.41x10 


-3 


dt 21 


■2.32x10 


-3 


zz 


rad/sec (0.138 deg/sec) 
(400 lbf) 


rad/sec (0.133 deg/sec) 


F^ x =F=l • 8x10 newtons 


F. -F. =0 
ly lz 


(400 lbf) 
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Table B3-9. Modified ACPS Thruster Characteristics 

Shuttle Orbiter Inertias: 

1^*1. 41x10^ kg-m 2 (1.04x10^ slug-ft 2 ) 

I^y=*8. 22x10^ kg-m 2 (6.05xl0^ slug-ft 2 ) 

I, =8.55xl0 6 kg-m 2 (6.30xl0 6 slug-ft 2 ) 

x =i =i =o 

xy xz yz 

3 

Engine Thrust Level: F=>1.8xl0 newton (400 lbf> 

Engine Thrust Pulse Duration: t^=0.1 sec 

Vehicle Control Moment Arms: 

pitch (Y y axis) : £yllm(36 ft) 

yaw (Z axis: l =22m(72 ft) 

v Z 

roll (X v axis) : £ x »22m(72 ft) 

pitch coupling moment arm: »llm(36 ft) 

CM 


B3-91 


Roll control thruster: 


dto. n 


i, J-x _ 7 

~ 2 x^~ =1 -41xl0 rad/sec (0.804 


xx 


dw n 

__Z a — — =2.41x10 rad/sec (0.138 

yy 

Ft -F. =0 
lx ly 

=F=1.8xlO^ newtons (400 lbf) 


deg/sec) 


deg/ sec) 


Assume that the center of mass of the telescope Is offset 
from the telescope hinge point along the telescope centerline 
( R 2x =R 2y“ 0> R 2 z*°) • l° cat i° n the telescope hinge point is 

described with respect to the shuttle orbiter center of mass by 

the vector R^. The components of R^ are approximately: R =-2-9 

meters, R ly =0, and R lz =2.9 meters. Figure B3-20 is a plot of the 

magnitudes of T Dx , T^, and T Dz as a function of R 2z due to firing 

a pitch A CPS thruster. Figures B3-21 and B3-22 are similar plots 
due to firing a yaw and a roll ACPS thrusters, respectively. 

Note from figures B3-20 thru B3-22 that a small center of 
mass offset, R 2z , can P r °duce a rather large disturbance torque. 

This large disturbance torque due to firing the large ACPS thrusters 
will significantly disturb the telescope fine stabilization system, 
thus making it either impossible, or much more difficult, for this 
stabilization system to meet it" desired stability goals. 

The conclusions of this analysis are (1) the center of mass of 
the telescope complement should be carefully mounted as close as 
possible to the center of rotation of the telescope fine stabiliza- 
tion system and (2) the shuttle orbiter stabilization system should 
be designed so that it will not generate any large shuttle orbiter 
rotational accelerations or translational forces during the ASM 
telescope experimentation periods. These above recommendations are 
designed to minimize the disturbance coupling between the shuttle 
orbiter and the ASM telescopes. 
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R 2z » TELESCOPE center of mass offset (CENTIMETERS) 

Figure B3-21. T^, T^* T^ As A Function Of Telescope Center 

Of Mass Offset Due To Firing One Yaw /USES Thruster 
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R 2z , telescope center of mass offset (centimeters) 

Figure B3-22. T^, T Dy , T^ As A Function Of Telescope Center 

Of Mass Offset Due To Firing One Roll ACTS Thruster 
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APPENDIX Cl 


MASS PROPERTIES - SYSTEM 


Page 

1. Detailed mass properties of the solar payload. 2 

2. Mass properties summary for Stratoscope HI and IR Telescope 

payloads . ^ 

3. Mass properties of gimballed masses. 21 


1 



DETAILED MASS PROPERTIES 
OF 

SOLAR PAYLOAD 


2 



ASTRONOMY SORTIE MISSIONS AUG 25 
COMMON SORTTE lab and pallet 


DESCRIPTION 


WEIGHT 

(POUNDS) 


PALLET STRUCTURE 

CMG 1 
CMG 2 
CMG 3 

SHUTTLE I MU 
SUPPORTS CMS l 
SUPPORTS CHS 2 
SUPPORT CMG 3 
SUPPORTS THU 
CONTROL + T moijt ROX 
INVERTER 1 f HEAT ER + 
INVERTER 2 ♦ HEATEP + 
INVERTER 3 ♦ HFATPR + 
CARLING 

STABILIZATION SYSTEM 


3050.00 

420.00 

420.00 

420.00 

15.00 

30.00 

30.00 

30.00 

2.00 

20.00 

SURT 57.00 

57.00 

SUPT 57.00 

15.00 

1573. 00 


EWO AZIMUTH TABLE 
EWO AZIMUTH YO<<p 
FWD AZIMUTH POINTING ACT 
FWD DEPLOYMENT yoke 
FWO DEPLOYMENT ACTUATOR +Y 
FWD DEPLOYMENT ACTUATOR -Y 
FWD DEPLOYMENT LOCK +Y 
FWO D c PLOYMENT LOCK -Y 


289.00 

396.00 

35.00 

194.00 

30.00 
30.00 
44. 00 
44. 00 


FWO COMMON MOUNT 


1062,00 


AFT AZIMUTH TABLE 

AFT AZIMUTH YOK c 

ART AZIMUTH POINTING ACT 


289.00 

396.00 
35.00 


1972 


CENTER OF GRAVITY 
X Y Z 

(IN) 


443.9 

0. 

-37.3 

355.0 

0. 

-62,0 

405.0 

0. 

-62.0 

460.0 

0. 

-62.0 

360.0 

-0. 

-45.0 

355.0 

0. 

-60.0 

405.0 

0. 

-60.0 

460.0 

0. 

-60 . 0 

360.0 

0. 

-41.0 

360.0 

-30.0 

-45.0 

315.0 

10.0 

-82.0 

405.0 

35.0 

-82.0 

495.0 

10.0 

-82.0 

405.0 

0. 

-90.0 

405.4 

1.6 

-63.9 


270.0 

0. 

-57.0 

270.0 

0. 

-14.4 

270.0 

0. 

-71.0 

313.0 

0. 

25.0 

400.0 

72.0 

25.0 

400.0 

-72.0 

25.0 

531.0 

58.8 

10.0 

531.0 

-58.8 

10.0 

315.1 

0. 

-16.2 


515.0 

0. 

-51.0 

515.0 

0. 

-14.4 

270.0 

0. 

-71.0 


RADIUS OF GYRATION 


KX 

KY 

(IN) 

KZ 

47.5 

153.2 

159.9 

12.2 

12.2 

12.2 

12.2 

12.2 

12.2 

12.2 

12.2 

12.2 

3.5 

2.5 

2.5 

13. 0 

13.0 

13.0 

13.0 

13.0 

13.0 

13.0 

13.0 

13.0 

2.5 

2.5 

2.5 

3.0 

5.0 

5.0 

6.6 

8.5 

8.5 

6.6 

8.5 

8.5 

6.6 

8.5 

8.5 

1.0 

40.0 

40.0 

15.8 

49.2 

49.3 


14.2 

13.5 

12.6 

38.5 

35.9 

27.6 

4.0 

4.0 

3.0 

66. 3 

40.3 

77.4 

4.0 

2.8 

4.0 

4.0 

2.9 

4.0 

20.5 

3.0 

20.5 

20.5 

3.0 

20.5 

55. 3 

109.2 

110.0 


14.2 

13.6 

12.6 

38.5 

35.9 

27.6 

4.0 

4.0 

3.0 



ASTRONOMY SORTIE MISSIONS AUG 25 1972 

COMMON SORTIE LAB ANO PA. LET 


O r SCRI °TI0N 


AFT DEPLOYMENT YOKE 
AFT DEPLOYMENT ACTUATOR 
AFT DEPLOYMENT ACTUATOR 
AFT DEPLOYMENT LOCK +Y 
AFT DEPLOYMENT LOCK -Y 

AFT COMMON MOUNT 

ORDNANCE PACKAGE 

COMMON MOUNT SYSTEM 


CONTROL ♦ JJNCT BOX ^WO 
CONTROL + JUNCT BOX Min 
INTERFACE JUNCTION BOX 
CABLING POWER 

CABLING DATO 

-¥ 

ELECTRICAL + OATA SYSTEM 
THERMAL INSULATION 
COMMON SORTIE D ALL ET 
SORTIE LAB 186 IN LONG 


WEIGHT 

center of gravity 

RADIUS OF G 

YRATION 

(POUNDS) 

X 

Y 

(IN) 

Z 

KX 

KY 

(IN) 

KZ 

194.00 

558.0 

0. 

26.0 

66.3 

40.3 

77.4 

30.00 

645.0 

72.0 

25.0 

4.0 

2.8 

4.0 

30.00 

545.0 

-72.0 

25.0 

4.0 

2.5 

4.0 

44. 00 

386.0 

58.8 

10.0 

20.5 

3.0 

20.5 

44.0 0 

386.0 

-58.8 

10.0 

20.5 

3.0 

20.5 

1062.00 

511.4 

0. 

-14.5 

54. 2 

79.9 

81.7 

20.00 

36 0.0 

-20. 0 

-50.0 

3.0 

5.0 

5.0 

2144.00 

412.8 

-.2 

-15.7 

54.6 

136.6 

137.4 

20.00 

310.0 

40.0 

-43.3 

3. 0 

5.0 

5.0 

20.00 

495.0 

30.0 

-43.0 

3.0 

5.0 

5.0 

10.00 

280.0 

-70.0 

-30.0 

4.0 

6.0 

6.0 

25.00 

420.0 

35.0 

-39.0 

15.0 

150.0 

150.0 

20.00 

420.0 

35.0 

-39.0 

15.0 

150.0 

150.0 

95.00 

397.9 

23.9 

-39.7 

34. 3 

126.5 

130.5 

130.00 

400.0 

0. 

•-55.0 

45.0 

65.0 

55.0 

7002.0 0 

424.3 

.6 

-37.0 

48. 2 

132.0 

134.6 

12688. 0 0 

90.0 

0. 

0 . 

77. 0 

68.0 

68.0 


vnuio 



ASTRONOMY S9RTI c 
COMMON SORTTf j_ /jq 


MISSIONS AUG 
AND ®A . L ET 


25 


1972 


GR 4 NO Total 


WEIGHT 19c.90.00 L 0? 


M ASS 


50,99868 LB-SEC2/IN 


CENTER oc GRAVITY 

y ~ 208 . 8 T* tm 
y ~ ,2? T M 
7 ~ - 13.17 TM 


^aotus OF GYRATION 


<y = 

KY = 
K7 = 


70.44 IN 
187 ,34 in 
187 ,16 IN 


MOMENT OP TN c g>TTA 

Tx = 21088 StUG-FT? 31 ?OOUCT OF IMERTTA 

ry = 149172 9LUG-FT2 oll~ 216 SLUG-PT? 

T7 = 148 8 7c, 9)_ UG - FT2 *l = “U43F SLUG-FT 2 

Y? = -?F SLUG-PT2 


MOMENT of 
TX = 
T Y = 

r 7 = 


t N-RTI A 

7530^ L n -S c C?-IN 
1789810 -EEC?- IN 
1’86513 L n -S E C2- IN 


3 9 90 UC T O c 
a XY = 
OY7; 
PYZ = 


TMERTIA 
2E8 8 

-137218 
-6F 4 


LB-SEC2- In 
LB-SEC?- IN 
L 9-SEC?- In 



ASTRONOMY SORTIE MISSIONS AUG 25 
SOLAR °A V L Oft OS ( PAYLOAD 1-2 ) 


DESCRIPTION WEIGHT 

(POUNDS) 

FWO INNER POLL RING 210.00 

FWD OUTER ROLL RING 306.00 

FWO GIMPAL RING 23E.00 

FWO ELEV pOTNT/RTAO ACT *■ Y 62.00 

FWO EL EV POTMT/ST AD ACT -Y 62.00 

FWO A7* STAP ACTUATOR + Z 35.00 

FWO A7M STAR ACTUATOR -7 35.00 

FWO ROLL ACTIJATop 19.00 

FWO GTMPAL LOCK +■ Y 38.00 

FWO GIMPAL LOCK -Y 38.00 

FWO Y OK r „OOK FTTT(GTMRAL) 32.00 

o' FWD PTONT 4-CONTROL PLAT 67.00 

FORWARD GIMPAL 1139.00 


FWO STAR TRACKED 1 25.00 
FWO STAP toaCK-p 2 25.00 
FWD R T A P TOACKRP 3 25.00 
FWO 'TAP TRACKS® 4 25.00 
FWO STAR TPACKPP IMU 15.00 
TWO STAP TRACKS 0 ELECTRONIC 32.00 
FWO C aolimg E. 00 

FWO RFFERENC E SvsT r M 152.00 


Fwn GIMRAL INSTALLATION 1231.00 

XIJV SUG 4- X-PAY + C PPONO 4337.00 


AFT T NN co ° DLL °ING 
AFT D UT r R PULL R T NG 
AFT GIMPAL ° T MG 


210.00 

306. 00 

235.00 


1372 


CENTER OF GRAVITY 


X 

Y 

Z 


(IN) 


400.3 

0. 

25.0 

400.3 

0. 

26.3 

400.0 

0. 

25.0 

400.3 

63.0 

25.0 

400.0 

-63.0 

25.3 

40 0.3 

0. 

8 5.0 

400.0 

0. 

-33.0 

410.0 

47.0 

25.3 

390.3 

47.0 

25.3 

390.3 

-47.0 

25.3 

372.0 

0. 

25.0 

417.0 

0. 

25.0 

399.7 

.8 

25.0 

417.3 

-10.0 

79.0 

417.0 

-20.0 

76.0 

411.0 

12,0 

75.0 

423.0 

12.0 

7 5.0 

425.0 

8.0 

-24.0 

426.0 

-6.0 

-19.0 

420.0 

0. 

25.3 

419.8 

-1.5 

44.8 

40 2.1 

.5 

25.2 

398.2 

-2.T 

27 . 4 

645.0 

0. 

26.0 

645 .0 

0 . 

2 6.0 

545.3 

0. 

25. 3 


RADIUS 

OF GYRATION 

KX 

KY KZ 


(IN) 


44. 0 

31.1 

31.1 

49.5 

35.0 

35. C 

c 4 • 3 

38.4 

38.4 

4. 0 

3.0 

4.0 

4.0 

3.0 

4.0 

4. 0 

4.0 

3.0 

4. 0 

4.0 

3.0 

3.0 

3 • C 

2.0 

10.0 

10.0 

10.0 

10.0 

10.0 

10.0 

59. 3 

21.7 

52.0 

43.0 

30.0 

30. 0 

51.7 

33.9 

40.6 


4.3 

4.9 

4.8 

4. 3 

4.9 

4.8 

4.8 

4.8 

4.8 

4.8 

4.9 

4.8 

2.5 

2.5 

2.5 

4. 0 

3.0 

3.0 

43. 0 

30.0 

30.0 

47. 1 

45.5 

14.7 


51.5 

36.5 

39.0 

31. 0 

59.3 

59.7 

44. 0 

31 . 1 

31 . 1 

49.5 

35. C 

35 o C 

54. 3 

38.4 

38.4 



ASTRONOM* SORTIE MISSIONS AUG 25 
SOLAR °AYLOADS ( PAYLOAD 1-2 ) 


description 


ART ELEV POTNT/ST AD ACT + y 
AFT ELEV 3 OTNT/ST AD ACT -Y 
AFT ATM STAR ACT +y 
AFT ATM STAR ACT -Y 
AFT ROLL ACT 

AFT GTMRAL LOCK + y 

aft gimral lock _ y 
AFT YOKP LOCK C ITT ( GT MRA L) 
AFT P’OINT + CONTROL PLAT 

AFT gimral 


WEIGHT 

(POUNDS) 

62.00 
62.00 
35. 00 

35.00 

19.00 

38.00 

38.00 
32. 00 

67.00 

1139.00 


AFT STAR TRACKER 1 

AFT STAR TRACKS 0 2 

AFT STAR TDACKER 3 

APT STAR TRACKER 4 

AFT TPLFRC0 oc TMU 

AFT STAR TRACKER ELFCTRCMIC 

APT CARLINS 


25. 00 
25.00 
25.00 

25.00 

15. 00 
32. 00 

5. CO 


APT RF c prpmCE SYST c M 


152.00 


AFT GXmral INSTALLATION 


123 1.00 


PHOTOHFLI OCR A PH 


2200.00 


POLAR PAYLOAD UMTD'JP ttp^S 


9110. 0 0 


1972 


CENTER OF GRAVITY 


X 

Y 

Z 


(IN) 


645.0 

63.0 

25.0 

545.0 

-63 • 0 

25.0 

545.0 

0. 

85 . 0 

645.0 

0 . 

-33. 0 

655.0 

47.0 

26.0 

535.0 

47.0 

26.0 

535.0 

-47.0 

2 5.0 

517.0 

0. 

25.0 

662.0 

0. 

25.0 

544.7 

.8 

25.0 


562.0 

-10.0 

78 . 0 

562.0 

-20.0 

75.0 

556.0 

12.0 

7 5 • 0 

568.0 

12.0 

76.0 

570.0 

8. 3 

-24. 0 

571.0 

-6.0 

-19.0 

565.0 

0. 

25.0 

664.8 

-1.5 

CC 

• 


647.1 

.5 

23 . 2 

542.3 

.3 

26.4 

492.9 

-1.1 

27.4 


RADIUS 

OF S 

YRATION 

KX 

KY 

(IN) 

KZ 

4.0 

3.0 

4.0 

4.0 

3.0 

4.0 

4.0 

4.0 

3.0 

4.0 

4.0 

3.0 

3. 0 

3.0 

2.0 

10.0 

10.0 

10.0 

10.0 

10.0 

10.0 

59. 3 

21.7 

52.0 

43.0 

30.0 

30,0 

51.7 

33.9 

40.6 


4,8 

4.8 

4.8 

4. 8 

4.9 

4.8 

4. 8 

4.8 

4.8 

4.8 

4.5 

4.8 

2.5 

2.5 

2.5 

4. 0 

3.0 

3.0 

43.0 

30.0 

30.0 

47.1 

45.5 

14.7 


51.5 

36.5 

39.0 

21.7 

61.4 

59.8 

36.4 

130.9 

131.0 



ASTOfVKW ^°RT I E‘ MISSIONS AUG ?5 1972 

SOLAR ° A Y L t)S ( ° AVLOAQ i»2 ) 


GRANO TOTAL 


Wr TGHT 


MOMTMT nc- 
TY = 
T Y = 
17 = 


MOHFNT or 
TY = 
T Y = 

T7; 


26 3 0 9. 0 0 


TN^TTA 

299U 
20360 3 
291131 


r N rn TT A 
310973 
3 r ?7?99 
349417“ 


(_ no 


TM 

I'M 

T»' 


O'. UG- FT? 
SL UG- P T2 
OL UG-FT2 


L n -SE C2- I N 
LO-Sr C2-IN 
L n -SEC2- IN 


G c NTFR OF 

Y - 

Y = 

7 = 


GRAVITY 

'>93.77 

-.17 

-.33 


HASS 74 

.61763 LB- 

SEC2/IN 

RADIUS OF 

GYRATION 


KX = 

64.5? 

IN 

KY = 

217.30 

IN 

K7 ~ 

216,40 

IN 

3 RODUCT OF 

INERTIA 


PXY = 

-6 

SLUG-FT? 

D X7 = 

4013 

SLUG-FT2 

OY7 = 

-128 

SLUG-FT 2 

3 ROOUCT OF 

INERTIA 


P X Y = 

-67 

LB-SEC2- 

°X? = 

48154 

LB-SEC 2- 

PY7 = 

-1533 

L9-SEC2- 


IN 



MASS PROPERTIES SUMMARY 


Stratoscope III Payloads: 3AB, 3AC, 3AD, 3AE 

IR Telescope Payloads: 4AB, 4AC, 4AD, 4AE 


9 



ASTRONOMY SORTIE MISSIONS AUG 25 1972 

ARRAY PAYLOAD COMMON ITSHS 


DESCRIPTION 


COMMON SORTIE LAB + °ALLET 
FWO GIMBAL INSTALLATION 
AFT ELFV PTONT ACTUATOR +Y 
OFT ELEV PTONT AC TUAT OR -Y 
AFT LAUNCH LOCKS CAPRAY) +Y 
AFT LAUNCH LOCK* (ARRAY) -Y 
AFT YOKE LOCK F TTT (ARRAY) 


HEIGHT 

CENTER OF 

GRAVITY 

RADIUS 

OF 5 

YRATION 

(POUNDS) 

X 

Y 

(IN) 

Z 

KX 

KY 

(IN) 

KZ 

19690. 00 

208.9 

. 2 

-13.2 

70.4 

187.3 

187.2 

1291.0 0 

402.1 

.5 

28.2 

51.5 

36.5 

39.0 

35 . 0 0 

545.0 

63.0 

23.0 

4.0 

3.G 

4.0 

35. 0 0 

345.0 

-63. 0 

25.3 

4.0 

3.0 

4.0 

37.00 

535.0 

47.0 

25.3 

10.0 

10.0 

10.0 

37.00 

635.0 

-47.0 

25.0 

10.0 

10.0 

10.0 

32.0 0 

321.0 

0. 

23 . 0 

59.3 

18.1 

50.8 


I 1 — 1 

o 



ASTRONOMY SORTIE MISSIONS AUG 25 1972 

ARRAY PAYLOAD common items 


grand total 


WEIGHT 211 5 7 , 00 L R c 


MASS 54.79833 LB-SEC2/IN 


CENTER OF 
X = 
Y = 
7 = 


GRAVITY 

224.25 

.22 

-10.35 


TN 

IN 

IN 


RADIUS OF GYRATION 

KX = 70.07 IN 
KY = 190.80 IN 
KZ = 190.52 IN 


MOMFNT OF 
TX = 
TY = 
TZ = 


tnertia 

2242? 

166238 

165791 


SL UG-FT2 
SI UG-FT2 
SLUG-FT2 


PRODUCT OF 
PXY = 
PXI- 
PYZ= 


INERTIA 

12 

2666 

3 


SLUG -FT 2 
SLUG-FT 2 
SLUG-FT2 


MOMENT OP 
IX = 
TY = 
T7 = 


INERTIA 

269359 

1994851 

1989010 


L R -SEC2- IN 
LP-SEC2- IN 
L R -SE C2- IN 


3 ROOUCT OF 
P XY = 
PXZ= 
PYZ = 


INERTIA 

141 

31986 

35 


L9-SEC2- IN 
LB-SEC2- IN 
LB-SEC2- IN 



ASTRONOMY SORTIE 
WITH ARRAY r . ROU F 


MISSION STPATOSCO PE 
AB (PAYLOAD 3AB) 


III 


PAYLOADS 


grand total 


WEIGHT 2?283.50 LDF 


IASS 


70.65869 LB-SEC2/ IN 


TN 

TM 

T M 


CENTER OF 
x = 
y = 

7 = 


MOMFNT OF 
IX = 
TY = 
TZ = 


gravity 

284.83 

.13 

-3.93 


inertia 

300983 
31 9909 T 
3180507 


SLUG- FT? 
SLUG-FT2 
SL UG-FT2 


L n -SEC2-IN 
L°-SEC2- IN 
LP-SEC2-IN 


RADIUS OF 
KX = 
KY = 
KZ = 


3 RODUCT OF 
PXY = 
PXZ = 
PY7= 


3 RODUCT OF 
PXY = 
PXZ= 
P YZ- 


GYRAT ION 

65.27 

212.78 

212.16 


INERTIA 

-129 

9454 

-7 


INERTIA 

-1547 

113448 

-83 


IN 

IN 

IN 


SLUG-FT2 

SLUG-FT? 

SLUG-FT2 


LB -SEC 2- IN 
L8-S EC2-IN 
LB-SEC2-IN 


MOMENT oc 
ry = 
IY = 
= 


INERTIA 

25082 

266591 

265042 



' WRT1E MISSI ° N stratoscope III 

WITH ARRAY GROUP AC (PAYLOAD 3AC) 


PAYLOAOS 


GRAND TOTAL 


WEIGHT 30191.09 L*^ 


IASS 


78.19712 LB-SEC2/IN 


CENTER OP - GRAVITY 

* = 317.74 tm 
7 = .13 IN 
7 = .11 TM 


RADIUS OF GYRATION 

KX = 63.95 IN 
KY = 226.52 IN 
<2 = 225.50 IN 


moment O c 

TX = 
TY = 
T7 = 


MOMENT r,r 
ry~ 
ty = 
17 = 


INPPTIA 

26649 

334352 

331359 


INEFTIA 
3197*1 
40 12224 
3976705 


SLUG-FT2 
SLUG-FT2 
SL UG-FT2 


L n -SE C2- IN 
L n -SEC2-IN 
LF-SEC2-IN 


3 ROOUCT OF 
PXY = 
PXZ= 
PYZ= 


3 ROOUCT OF 
PXY= 
PXZ = 
PYZ= 


INERTIA 

-140 

16788 

-9 


INERTIA 

-1681 

201456 

-110 


SLUG-FT2 
SLUG-FT2 
SLUG-FT 2 


LB-SEC2-IN 
L9-SEC2- IN 
LB-SEC2- IN 



ASTRONOMY SORTIE MISSION STRATOSCOPE III PAYLOADS 
WITH ARRAY GROU P AD (PAY. 0 AD 3 AD) 


GRAND TOTAL 


WEIGHT 2*351.00 L os 


MASS 70.84129 LB-SEC2/IN 


CENTER OF 

GRAVITY 


RADIUS OF 

GYRATION 


X = 

285.55 

TM 

<X = 

65.19 

IN 

V = 

.11 

TM 

KY = 

213.12 

IN 

z = 

-3.45 

TM 

KZ = 

212.48 

IN 


MOMENT OP 

INERTIA 


3 ROOUCT OF 

INERTIA 


TX = 

25085 

SL UG-FT2 

PXY = 

-171 

SLUG-FT2 

TY = 

263124 

SL UG-FT2 

PXZ= 

9596 

SLUG-FT2 

17 = 

266521 

SLUG-FT2 

PYZ = 

-10 

SLUG -FT 2 


MOMFNT OP 

TNPRTIA 


3ROOUCT OF 

INERTIA 


TX = 

301022 

L r, -SEC2-TN 

PXY= 

-2051 

LB-SEC 2 -IN 

TY = 

3217432 

L q -SEC2- IN 

PXZ= 

115152 

LB-SEC2- IN 

TZ = 

3198255 

LP-SEC2- IN 

PYZ= 

-126 

LB-SEC2-IN 



ASTRONOMY SORTIE MISSION STRATOSCOPE 
WITH AR®AY r, R0 UP AE (PAY.OAD 3AE) 


III PAYLOADS 


GRAND TOTAL 


WEIGHT 2 ^ 93.09 L9S 


IASS 71,93610 LB-SEC2/IN 


CENTER OF GRAVITY 

7 = 290,86 IN 
7 = -.29 IN 
7 = -3.01 TM 


RADIUS OF GYRATION 

KX = 65,04 IN 
<Y = 215.43 IN 
<2 = 214.79 IN 


MOMENT 0^ 
TX = 
IY = 
T7 = 


tnprtta 

25375 
278399 
27674 2 


SLUG-FT2 
SLUG-FT 2 
SL UG- FT2 


3 RODUCT OF IvJE 
PXY= 

PXZ= 

PYZ= 


RTI A 

-810 SLUG- C T2 
10477 SLUG-FT2 
-65 SLUG-FT 2 


MOMENT OF 
TX = 
TY = 
17 = 


INERTIA 

304496 

3340791 

3320906 


LP-SEC2-IN 
L° -SE C2- IN 
L n -SEC2- IN 


3 RODUCT OF 
PXY = 
PXZ= 
PYZ = 


IMERTIA 
-97? l 
125720 
-775 


LO-S EC2-IN 
LB-SEC2- IN 
L9-SEC2- IN 



ASTRONOMY SORTIE MISSION IP PAYLOADS 
WITH ARRAY GROUP AB (PAY. 0 AD 4AB) 


DESCRIPTION 

HEIGHT 

CENTER OF GRAVITY 

RADIUS 

OF GYRATION 



X Y Z 

KX 

KY KZ 


(POUNDS) 

(IN) 


(IN) 


IR TELESC OPF 

ASSEM 

4383 .00 

400.5 

0. 

25.0 

34.0 

43.4 

43.4 

BORE SIGNTED 

STAR TRACKER 

25.00 

391.0 

-18.0 

60.0 

4.8 

4.8 

4.8 

STAR TRACKER 

ELECTRONICS 

10.00 

420.0 

-6.0 

-19.0 

1.0 

1.0 

1.0 

OPTICAL TELE 

+ IMAGE TUBE 

106.00 

38 2.3 

18.0 

60.0 

2.4 

10.8 

10.8 

IR TELESCO°*E ♦ 

AUX UNITS 

4524.00 

400.1 

.3 

25.9 

34. 2 

43.3 

43.0 

ARRAY GROU° A 


962. 00 

597.9 

-.4 

-12.1 

52.7 

36.5 

44.6 

ARRAYGROUP « 


1210.50 

639.9 

-.5 

25.0 

40.5 

30.2 

30.2 


o> 




ASTRONOMY 

SORTIE MISSION IR 

PAYLOADS 



WITH ARRAY '“.ROUP A0 (PAY. 0 AD 

4 A B) 




GR AND TOTAL 






HEIGHT 27**3.50 

L qc IASS 

72 

.14280 LB- 

SEC2/IN 


CENTER 0* GRAVITY 

RADIUS OF i 

GYRATION 



Y = 237.22 

TM 

KX = 

65.66 

IN 


y = .13 

TM 

K Y = 

211.13 

IN 


7 = -2.73 

TM 

KZ = 

210.45 

IN 


MOMENT 0* TM^RTIA 

3 RODUCT OF 

INERTIA 



TY= 2592? 

Si UG-FT2 

PXY = 

-104 

SLUG-FT2 


TY= 257993 

SLUG-FT2 

PXZ= 

9950 

SLUG-FT2 


T7= ?56255 

SI. UG- FT2 

PY7= 

12 

SLUG-FT2 

f— 1 

MOMFNT 0^ TN r RTTA 

PRODUCT OF 

INERTIA 



I X = 3 1 1 0 6 9 

L n -SEC2- IN 

PXY = 

-1242 

L 3-SEC2- 1 N 


TY= 7215975 

L n -SEC2-IN 

PXZ= 

119399 

LB-SEC2- IN 


T7 = 3 195 l? 6 

L n -SEC2- IN 

PY7 = 

149 

LB-SEC2-IN 



ASTRONOMY SORTIE MISSION IR PAYLOADS 
WTTH ARRAY GROUP AC CPAYLOAO 4AC5 


GRAND TOTAL 


HEIGHT 30764.00 LOS 


IASS 79.63123 LB-SEC2/IN 


CENTER OF GRAVITY 

X = 319.29 TM 
X = .1* IN 
7 = .72 TN 


RADIUS OF GYRATION 

KX = 64.23 IN 
KY = 224.59 IN 
<7 = 223.53 IN 


MOMENT OF INFRTIA 3 ROOUCT OF INERTIA 


IX= 27392 SLUG-FT2 

TY= 334934 SLUG-FT2 

I 7 = 331783 SLUG-FT2 


MOMENT OF INERTIA 

rx= 328^03 LB-SFC2-IN 
TY = 4019207 LO-SEC2-IN 
IZ = 3981451 L9-SEC2-IN 


PXY= -124 SLUG -FT 2 
PXZ= 17102 SLUG-FT 2 
PYZ= 9 SLUG-FT2 


3 RODUCT OF INERTIA 

PXY= -1486 LB-SEC2- IN 
PXZ= 205228 LB-SEC2- IN 
PYZ= 111 LB-SEC2-IN 



ASTRONOMY SORTIE MISSION IP PAYLOADS 
WITH ARRAY r ROUP AO CPAYLOAO 4 A D) 


GRAND TOTAL 


WEIGHT 

2*974.00 L^ 

MASS 72.32541 LB-SEC2/IN 

CENTER O e 

GRAVITY 

RADIUS OF GYRATION 

X = 

288.(3? IN 

KX = 65.50 IN 

Y = 

.18 IN 

KY = 211.46 IN 

7 = 

-2.71 IN 

KZ = 210.76 IN 


MOMENT O e 

INERTIA 


°RODUCT OF 

INERTIA 


TX = 

25859 

SI UG-FT2 

PXY = 

-145 

SLUG-FT2 

TY = 

269507 

SL UG-FT2 

PXZ = 

10087 

SLUG-FT2 

17 = 

?$7*2? 

SLUG-FT2 

PYZ= 

9 

SLUG -FT 2 


MOMENT OP 

TNEPTI A 


OPODUCT OF 

INERTIA 


IX = 

310310 

L' , -SEC2-IN 

PXY = 

-1745 

L 9-SEC 2- IN 

TY = 

3234080 

LP-SEC2- IN 

PXZ= 

121048 

LB-SEC2-IN 

17 = 

3212659 

L°-SEC2- IN 

PYZ= 

108 

LB-SEC2- IN 



ASTRONOMY SORTIE MISSION IR PAYL0A05 
WITH ARRAY OR0UF a E (°AY_ 0 AD 4 A E ) 


OR AND TOTAL 


WEIGHT 29366.013 L9? 


^ ASS 73.47022 LB-SEC2/IN 


M 

O 


CENTER OF 
X = 
Y = 
7 = 


MOMENT OF 
TX = 
TY = 
T 7 = 


MOMENT of 
TX = 
IY = 
17 = 


GRAVITY 

293,00 

-.IS 

-2.2 T 


INFRTH 

26145 

279636 

277301 


TNE9TT A 
313739 
3355637 
3333609 


IN 

T M 

TM 


SLUG-FT2 
SLUG-FT2 
SI UG-FT2 


LP-SEC2-IN 
L p -SE C2- IN 
L P -SEC2- IN 


RAOTUS OF 
K X = 
KY = 
<Z = 


3 ROOUCT OF 
°XY = 
PXZ = 
°YZ = 


PROOUCT OF 
° X Y = 
PXZ = 

PYZ= 


GYRATION 

65.35 
213.71 
213. Cl 


I'JERTIA 

-782 

10939 

-44 


IMERTIA 

-9383 

131268 

-527 


IN 

IN 

IN 


SLUG-FT2 
SLUG-FT 2 
SLUG-FT2 


L 3 -SEC 2- IN 
L B-SEC 2- IN 
LB-SEC2-IN 



MASS PROPERTIES OF GIMBALLED MASSES 


GIMBAL PLANE REFERENCE 


Axis 

Forward 

Aft 

X 

400 

645 

y 

0 

0 

z 

26 

26 


C 


21 



°H0 r OM^L 0 G° A PH CN AFT GT**B AL 
1ASO OPTVFN BY POLL ACTUATOP 


GPANn rnrfl L 


weight 

?" r n e :. on 

O'* 

M ASS 7.00617 LB- 

SEC2/IN 

crMT^o nr 

0° AVTTY 


0 A OT UG OF GYRATION 


y = 

*44.06 

T M 

KX = 28. OF 

IN 

Y = 

. 1 * 

T M 

. KY = *7,77 

IN 

7 = 

2?. 7F 

T‘i 

K 7 = *5.86 

IN 

MOMr^T or 

TM C °TT A 


OPOOUCT OF IMFRTT A 


TY = 

4*o 

ri UG- FT? 

PXY= -1 

SLUG-FT2 

T V = 

1040 

c l UG-FT2 

PX?= 7 

SLUG-FT2 

T7- 

in?? 

Si UG-FT? 

DY7= -1 

SLUG -FT ? 

MO m r nj t or 

T M r o T T A 


OD OOUCT OF TNFRTIA 


TY = 


L' , -S r r2-TM 

P X Y = -IF 

L3-SFC2- 

TY: 

?0086 

L P -S C C2-TN 

°X? = 80 

LB-SFC2- 

T 7 — 

?i 8*o 

L r, -SPG2-TN 

PYZ= -l c 

LB-SFC2- 



OHOTOH^LOGPPPH on AFT GIMBAL 

MASS 0°TVFN PY azimuth stabilization ACTUATORS 


K» 

U> 


G»ANH TOTAL 


H^TGHT 

7070,00 L*»«J 

MASS T.B479 u LB-' 

SEC2/IN 

CFNTcp 0 c 

Go 4 V TTY 

R A 01 US OF GYPATTON 


V s 

*44.?? TV 

KX = 31. OP 

IN 

Y = 

,4f» tm 

KY = PP.72 

IN 

7 - 

?7,?7 T M 

K 7 = P4.0 7 

IN 


MOMPNT r>T 

tn c ptt a 


PRODUCT OF 

INERTIA 


TVs 

P71 

SI UG-FT2 

° Y Y = 

1 

SLUG-FT2 

TY = 

2070 

St UG- FT? 

P YZ = 

7 

SLUG-FT2 

X 7 — 

1P1? 

SL UG-FT? 

PYZ = 

-1 

SLUG -FT? 


MOMENT nc 

TKjr-orx A 


ppoduct of 

TNFPTIA 


TYz 

" T PG4 

l n -SEC2- IN 

PXY = 

Q 

LB-SEC2- IN 

TV: 

747PS 

L n -SEC2- TN 

°xz= 

78 

LB-SEC?- IN 

T 7 - 

??B44 

l. n -SFC2-IN 

PY7= 

-17 

LB-SFC2-TN 


»>J IV IV 



ohotoh^L 0 '*, 0 ^ PH CN APT GTMBAL 

M ASS ooTs/cn BY ELPVATT DM POINTING ♦ STABILIZATION ACTUATORS 


OPAMO T 0T At. 


WEIGHT 

7 77*. gr) 

L Q*? 

HASS 

8.637B2 LB- 

SEC2/IN 

BCfjTC-a OP 

r ,' > A VTTY 


7A0TUS OP 

GYPATION 


Y - 

*44.70 

TM 

<X 

= 34.02 

TN 

Y = 

.4 1 

TM 

KY 

= F4.76 

IN 

7 = 

77.17 

TM- 

K 7 

= P? , 54 

IN 


mbm^mt n* 

T Y r 
TV; 

T 7 - 


IV 

MO M r T n tr 

r >ir o r T 3 


PPOOUCT OF 

TNFPTT A 



T y = 

oqo'* 

1 n.^c 07- TM 

PXY = 

q 

L P-SEC2- IN 


TV: 

'•"flq A 

L " -S r 07- IN 

PXZ = 

78 

LB-SEC2- IN 


T T - 

7 714’. 

L"-pro?-TK] 

OY7 = 

-17 

LP-SP02 - IN 


T M c ° T T A 

8 77 

C L UG-PT7 

PPOOUCT OF 
°XY = 

INERTIA 

1 

SLUG -l-T 2 

7 1 q 8 

Ft. IJ0-PT2 

PX7 = 

6 

SLUG-FT2 

1 Ot» -» 

St. UG- C T? 

PY7 = 

-1 

SLUG-FT2 



X'JV SHG ♦ X-RAY ♦ CORONOGRAPH ON FWD GIMOAL 
HASP DRIVEN BY ROLL ACTUATOR 


GRAND TOTAL 


Vie-TGHT 

4842.00 LPF 

NASS 12.54117 LB-' 

SE02/IN 

CFNTro o«^ 

G° AVTTY 

RADIUS OF GYRATION 


X = 

300.00 TM 

KX = 32.96 

IN 

Y = 

-2.45 I*' 

KY = 57.45 

IN 

7 = 

2^.84 T M 

K7 = 57.53 

IN 


N 

U< 


MOMCnt or 

TNFPTTA 


PROOUCT OF INERTIA 



tx = 

1133 

*1 IJG-FT2 

PXY= 

1 

SLUG-FT2 

ty = 

3440 

SL UG-FT2 

PX7= 

6 

SLUG-FT2 

T7 = 

3450 

SL UG- FT2 

PY7= 

0 

SLUG -FT 2 


HOMCMT nr 

tmfojTA 


PROOUCT OF 

INERTIA 


TX = 

13522 

L n -SE CP- IN 

PXY = 

15 

L3-SEC2- IN 

TY = 

41383 

LR-SEC2-IN 

PX7= 

70 

LB-SEC2- IN 

jy- 

41F14 

L°-SEC2-IN 

PYZ = 

1 

LB-SEC2- IN 



XUV SHG *■ X-RAY * CORONOGPAPH 0!^ PWD GIM8AL 

*ass opyven by azimuth stabilization actuators 


G»ANH Total 


WEIGHT 5167.00 LOS 


HASS 13.38295 LB-SEC2/IN 


CENTER os 

GRAVITY 


R A BIllS OS 

GYRATION 


X = 

399.18 

TM 

K X = 

34.24 

IN 

Y = 

-2.14 

T M 

KY = 

56.27 

IN 

7 = 

27. *3 

TM 

KZ = 

56.4 3 

IN 


MGTHSNT O p 

IN^PTIA 


PRODUCT OF 

INERTIA 


TX = 

1303 

SI UG-FT2 

°XY = 

4 

SLUG-FT2 

TY = 

3531 

SL UG-FT2 

PX7= 

6 

SLUG-FT2 

T7- 

3561 

SL UG-FT2 

PYZ= 

-1 

SLUG -FT 2 


N> 

O' 


MOHrfjT O c 

TNSOTIA 


PRODUCT OF 

inertia 


TX = 

15691 

LP-SEC2-TN 

PXY = 

43 

LB-SEC2- IN 

TY = 

42363 

LP-SEC2-IN 

PX7r 

67 

LB-SEC2-IN 

T 7 = 

42616 

L n -SEC2-IN 

PYZ= 

-7 

LB-SEC2-IN 



XUV SHG 4- X-RAY ♦ CORONOGRAPH ON FWD GIHBAL 

MARR 09TVEN BY ELEVATION POINTING * STABILIZATION ACTUATORS 


GPANO TOTAL 

o 


fO 

'J 


HEIGHT 5472.00 LRC 


CENTFP or G° AVITY 

X = 399. ?3 TM 
v = -2.0? IN 
7 ~ ? 7 .63 tm 


moment n c 
TX = 
TY = 
T7 = 


INERTIA 

1510 

7659 


SL UG-FT2 
SLUG-FT2 
SL UG-FT2 


MOMENT or 
TX= 
TY = 
T7 = 


TNrPTIA 

18125 

4390? 

43519 


L n -SEC2-IN 

L9-SEC2-IN 

L°-SEC2-IN 


iASS 14.17292 LB-SEC27IN 
RADIUS OF GYRATION 


KX = 

35.76 

IN 

KY = 

55.66 

IN 

<7 = 

55.41 

IN 


PROOUCT OF 

INERTIA 


PXY= 

4 

SLUG-FT2 

PX7= 

6 

SLUG-FT2 

PY7= 

-1 

SLUG-FT2 

PRODUCT OF 

inertia 


°XY= 

44 

LB-SEC2-TN 

PX7= 

66 

LB-SEC2- IN 

PYZ= 

-10 

LB-SEC2- IN 



STPATOSCOOP in ON FHO GIMBAL 
MAS? DRIVEN BY ROLL ACTUATOR 


GRAND TOTAL 


MRTGHT 4456.00 LB? 


MASS 11.54140 LB-SEC2/IN 


NJ 

00 


CENTER op 

GRAVITY 


RADIUS OF 

GYRATION 


y = 

400 »6 T 

TM 

KX = 

26.81 

IN 

v = 

-.05 

TN 

KY = 

49.68 

IN 

7 = 

25.54 

T M 

<7 = 

49.31 

IN 


MOMENT 0? 

TMPRTIA 


°RODUCT OF 

INERTIA 


TX = 

6ai 

SLUG- FT? 

PXY= 

-1 

SLUG-FT2 

TY = 

23*>u 

SL UG-FT2 

PX7- 

6 

SLUG-FT2 

T 7- 

2335 

SLUG-FT2 

PY2= 

-1 

SLUG-FT2 


MOMENT O c 

TNPPTIA 


PROOUCT OF 

INERTIA 


TX = 

8293 

L°-SEC2-IN 

PXY= 

-11 

LB-SEC2- IN 

TY = 

28483 

LB-SEC2-IN 

PXZ= 

72 

LB-SEC 2- IN 

T7 = 

28059 

LP-SFC2-IN 

PY7= 

-14 

LB-SEC2-TN 


O 



STPflTOSnnoc XIX ,0N FWO GIMBAL 

BPTVEN BY AZIMUTH STABILIZATION ACTUATORS 


GRANO TOTAL 


ro 

vo 


WFTGHT 


CENTER OP 

Y = 

V r 
7 r 

MOMENT 0 r 
TY = 
TY = 
T 7 = 


MOMENT or 
TX = 
TY = 

TT = 


4*81,00 


GRAVITY 
400. 67 
.14 
26.60 


TuroriA 

862 

2455 

2420 


TNrPTT A 

10340 

2B46S 

20141 


or 


TM 

TM 

TM 


SIUG-FT2 
SI UG-FT2 
SL UG-FT2 


L°-SEC2-IN 

L°-SEC2-IN 

LF-SEC2-TN 


HASS 12 

.38317 LB- 

SEC 2/IN 

R'AOIUS OF i 

gyratton 


KX = 

28.91 

IN 

KY = 

48.78 

IN 

K 7 - 

48.51 

IN 

PRODUCT OF 

INERTIA 


PXY = 

1 

SLUG-FT2 

PXZ= 

6 

SLUG-FT2 

PYZ= 

- 1 

SLUG-FT2 

PROOUCT OF 

INERTIA 


PXY = 

10 

LB-SEC2- 

PXZ= 

72 

LB-SEC2- 

P YZ = 

-15 

LB-SEC2- 



STPATOSCOPF III ON FWO GIMRAL 

DRTV r N BY ELFVATT ON POINTING + STABILIZATION ACTUATORS 


GRAND TOTAt. 


u> 

o 


WEIGHT 

G086.00 

LRF 

NASS 13 

.17315 LB- 

SEC2/IN 

CEHTPP OF 

GRAVITY 


RADIUS OF 

GYRATION 


X = 

400. 6 3 

iw 

KX = 

31.15 

IN 

V = 

.11 

TM 

KY = 

48.51 

IN 

7 = 

26.56 

IM 

KZ = 

47.76 

IN 

HOMCNT df 

INFRTTA 


PROOUCT OF 

INERTIA 


TX = 

1065 

SI. UG-FT2 

P X Y = 

1 

SLUG-FT2 

TY = 

2583 

SL UG-FT2 

PXZ= 

6 

SLUG-FT2 

r»= 

2504 

St UG-FT2 

PYZ= 

-1 

SLUG -FT 2 

MnrMFMT OF 

TN'-PTTA 


PRODUCT OF 

INERTIA 


T X = 

127^9 

L n -SEC2-IN 

PXY= 

10 

LB-SEC2- IN 

ty = 

10007 

LO-SEC2-IN 

PX 7 = 

72 

LB-SEC2-IN 

T7 = 

30042 

L°-SE C2-TN 

PYZ= 

-15 

LB-SEC 2-IN 



TP TEL c SCOne 0N FORWARD GIM9AL 
HASS ORIVFM 9Y ROLL ACTUATOR 


GRAND TOTAL 


WRIGHT 


MDMFNT 



5029.00 

LRF 

MASS 13 

.02551 LB-SEC2/TN 

nr 

GRAVITY 


RADIUS OF i 

GYRATION 


Y = 

400.*? 

TM 

KX = 

35.59 

IN 

Y = 

.21 

IN 

KY = 

42.76 

IN 

7 = 

27.79 

IN 

KZ = 

42.09 

IN 

O c 

INERTIA 


PRODUCT OF 

INERTIA 


TY = 

1379 

SL UG-FT2 

PXY= 

-8 

SLUG-FT2 

TY = 

1985 

SL UG-FT2 

PXZ= 

-12 

SLUG-FT2 

T7= 

1923 

SL UG-FT2 

PYZ= 

10 

SLUG-FT2 

OF 

IN^PTIA 


PROOUCT OF 

INERTIA 


TY = 

16499 

L a -SEC2-IN 

PXY= 

-96 

LB-S EC2-IN 

T Y = 

23*18 

L°-SEC2-TN 

PXZ= 

-147 

LB-SFC2- IN 

T* = 

230*4 

L»-SFC2-IN 

PY7= 

117 

LB-SEC2-TN 





IP TEL^SCO^P ON PORWARO GTMBAL 





MASS DRIVEN BY A 71 MOTH 

STABILIZATION ACTUATORS 


GRAND TOTAL 






wfight 

5704.00 

LB*' 

NASS 13 

.86729 LB- 

SEC2/TM 


CFNTFR OP 

GRAVITY 


RADIUS OF 

GYPATION 



X = 

400. T7 

TM 

KX = 

36.57 

IN 


V = 

.70 

TM 

KY = 

42.29 

IN 


7 = 

2 7 .28 

IW 

<7 = 

41.74 

IN 


MOMENT O c 

INERTIA 


PPOOUCT OF 

INERTIA 



TX = 

1546 

S! UG-FT2 

PXY= 

-6 

SLUG-FT2 


TV = 

2066 

SI UG-FT2 

PX7= 

-12 

SLUG-FT2 


T y - 

2017 

SLUG-FT2 

°YZ= 

10 

SLUG-FT2 

u» 

K> 

mompnt o c 

TN^PTTA 


PPOOUCT OF 

INERTIA 



TX = 

18550 

L°-SEC2- IN 

PXY = 

-74 

LB-SEC2- I N 


TY = 

24796 

L°-SEC2-IN 

PXZ = 

-147 

LB-SEC2- IN 


T 7 — 

2410T 

LP-SEC2-IN 

PYZ = 

115 

LB-SEC 2- IN 



0K FORWARD GIM0AL 

09TVFN BY ELSvmON POINTING . ST.BUI „ TI0N aCTUST0RS 


GRAND TOTAL 


u > 
u 


W?TGHT 56*0.00 LO** 


HASS 


14.65727 LB-SEC2/IN 


OFNT*» r)tr r;pft V1 r jy 

Y = 401.63 TN 

v = • 7 y T W 

7 = 2T.?1 TN 


RADIUS OF GYRATION 


KX 

KY 

KZ 


37.83 IN 
42.38 IN 
41.35 IN 


MOMPNT O c TNPRTTA 

T X= 174* 
TY= 2104 
T7 = 2083 


S|. UG- FT? 
SL UG-FT2 
SL UG-FT2 


PRODUCT OF 
PXY= 
PXZ= 
PYZ= 


INERTIA 

-6 SLUG-FT2 
-12 slug -ft 2 
10 SLUG-FT2 


NTTMF^t qc 
TY = 
T Y = 
T7- 


T N r c>TT A 

20081 

26320 

2500* 


L°-SEC2-IN 

t q -SEC2-IN 

l n -SEC2-IN 


PPOOUCT OF 
PXY= 
PXZ= 
PYZ = 


INERTIA 

-74 

-146 

115 


LB-SEC2-TN 
LR-S EC2- IN 
L8-SEC2-IN 



APPENDIX C2 


MASS PROPERTIES - TELESCOPE AND ARRAY GROUPS 


PHOTOHELIOGRAPH 
SOLAR GROUP 

XUV SPECTROHELIOGRAPH 
X-RAY TELESCOPE 
CORONAGRAPHS 
MONITORS 
STRATOSCOPE III 
IR TELESCOPE 
ARRAY GROUP A 
ARRAY GROUP B 
ARRAY GROUP C 
ARRAY GROUP D 
ARRAY GROUP E 


1 




TELESCOPE 


PRIMARY MIRROR 


MOUNT & BULKHEAD 


TRUSS SHELL ETC 


SECONDARY MIRROR 


SEC. MIRROR SUPP. 


JLKUN1UN RING 


DOORS 


INSTRUMENT INST. 


ELECTRONICS 


WEIGHT 2.200 
X C.G. -5.7 

T C.G. .J_ 

Z C.G. 11.9 


MASS PROPERTIES DATA 
TELESCOPE GROUP 1 - PHOTOHELIOGRAPH 


WT. X 


Zov n 

roz ^ 

(LB IN") 

(T,P, 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


HOUSING 

295 

-20 

0 

FOLDING MIRROR 

25 

-95 

0 

BEAM SPLITTER 

40 

38 

0 

FILTERS 

20 

30 

0 

IMAGE DISECTOR 

25 

20 

3 

V ID ICON DETECTOR 

25 

20 

-3 

SPECTOGRAPH 

115 

-65 

10 

H-ALPHA CAMERA 

25 

54 

-14 

BROADBAND CAMERA 

25 

54 

n 

UNIVERSAL CAMERA 

25 

54 



23 

,100 

43, 

,200 

374 

38, 

,000 

11, 

,520 

14, 

,400 




INERTIA 


POUNDS IN 

Iox 1.039.784.4 
Joy 8.307.761.1 
Ioz 7.874.075.3 


SLUG FT 
224 A 
1793.1 
1699.5 


62,000 


10,000 


85,000 


250 


310 


310 


7,000 


310 


310 


310 


4,200 


2 


52,500 j 52,500 


11,550 


120,000 


1,390 


19,000 


« 

5 , 760 j 5,760 


,2 




33,6001 35,200 


RADIUS OF 
GYRATION 

Kx 21.7 

Ky 61.4 

Kz 59.8 


2 















































































































MASS HDPERTIES DATA 

TOESCOPE GROUP 2 - XUV SHG + X-RAY + CORONAfSRAPHS 

F~ T 


ITEM 


t STRUCTURE 


CYLINDER 
FRONT RING 


--- ^ + CORONAGRAPHS PageJ_ of 2 

WWW (1b Al g ^J ':~i 


VERTICAL PARTITION 
- DIA honal partition 
attaching fittings 

INNER & nrr TER coronagraphc 

XL 

PC 

FILM camera " 



SUPPORT units 


h-alpha telescope 

XRT MONITOR 


WEIGHT 

x c.€. 

Y C.C. . 

z c.g. 


30 
-6 I 35 


i.9,009 lolnnnl 


POm*K IN 


2 INERTIA 


SLUG FT* 


RADIUS OF 

gyration 


3 


Kz 



























MASS PROPERTIES DATA 

TELESCOPE GROUP 2 - XUV SHG + X-RAY + CORONAGRAPHS 


WT. 

OBS> 


Fine sun sensor 


FINE S. S. CONTROL 


CORRELATION TRACKER 


XUV MONITOR 


XUV MONITOR 


CORONAGRAPH MOUNT 


Y 

(IN) 

Z 

(IN) 

-22 

-8 

-12 

-25 

-34 

-8 

12 

-30 

-12 

-20 

-22 

-8 

0 

0 



I 0? 

i ::o 





400 


500 


2,200 


1,700 


400 


4,000 


12,000 


43,600 


26,000 

400 


2,000 


16,000 


26,000 

400 


2,000 


16,000 









































MASS PROPERTIES DATA 

TELESCOPE GROUP 3 - STRATOSCOPE III 



WEIGHT 3,951 
X C.G. -4.1 
Y C.G. 0 


POUNDS ET 

I ox 2,109,535 
Ioy 10,300,300 
Ioz 10,300,300 


INERTIA 


SLUG FT' 1 ' 
455.3 
2223.2 


RADIUS C, 
GYRATION 


Z C.G 


0 


5 


2223.2 


Kx 23.1 
Ky 51.0 
Kz 51.0 














































MASS HtOPERTIES DATA 

TELESCOPE GROUP 4 - IR TELESCOPE Page 1 o£ 2 


( ' 
l 

ITEM 

WI. 

Cias) 



X 

(IN) 

Y 

(IN) 


lex ,, 
(LB Ilf) 

— 

loy - 
(LB TN~) 

lOZ ^ i 
(L3 IN') i 

1 AFT TANK & BULKHEAD 

mm 

50 

0 

o i 

1.075.000 

536,000 

536,000 * 

INSTRUMENT 

229 

34 

0 

0 ! 

11.450 

HHB 

11,900 

MECHANISM 

50 

L-22_ 

-12 

0 i 

HB 

M 


it MIDDLE BULKHEAD 

100 

||J 

0 

0 i 

364.000 

182,000 


i. PRIMARY MIRROR 

665 

13.7 

0 

0 | 

1,470,000 



i! CYLINDER 

2169 

Hi 

0 

0 

BBSB! 

llllfitH 

» 

3,320,000 ! 

r 

AFT RING FRAMES 

19 

47 

0 

0 

f 

11,900 

5,950 

H 

SPLICE FRAME 

43 

22 

0 

0 

■hi 

13,950 

13,950 ! 

FWD RING FRAME 

22 

m 

0 

o ! 

13,800 

6,900 

6,900 | 

FRONT FRAME 

25 

-73 

0 

0 1 

HWB 

7,800 

i 

7,800 ! 

LONGERONS 

14 

■ 

0 

o i 

8,700 

12,550 

12,550 

INSULATION SUPPORT 

45 

-53.5 

0 

H 

49,000 

j 

33,0001 33,000- 

AFT SUPPORT RING 

150 

0 

0 

0 

240,000 


KJgjjl 

FWD SUPPORT RING 

80 

-42 

0 

0 ! 



warn 

FWD. SUPPORT TUBES 

120 

-21 

0 

0 1 

26,000 

28 , 520 j 28,520! 

I SHUTTER DOOR 

30 

-60 

0 


8,600 

4,300i 4,300; 

TOWER & MECH 

10 

-55 

0 

0 

45 

270 

270 ; 

COVER DOOR 

49 

-82 

0 


19,300 

9,650 

! 9,650 ‘ 

METEROID CYLINDER 

112 

-10 

0 

o j 

191,000 

270,000 

270,000 

METEROID BULKHEAD 

18 

58 

0 

0 

15,900 

7,950 

7,950 

METEROID FRAME TIE-IN 

30 

0 

0 

0 



METEROID FRAME BULK 

15 

m 

0 

l^J 

26,500 

■B 


INERTIA ? RADIUS OF 


WEIGHT 

POUNDS IN 

SLUG FT~ 

GYRATION 

X C.G. 

Iox 


Kx 

Y C.G. 

loy 


Ky 

2 C.G. 

Ioz 


Kz 


6 































































































































MASS PROPERTIES DATA 
TELESCOPE GROUP 4 - IR TELESCOPE 


Page 2^ u>: 2^ 



WEIGHT _ 

4,383 


T INERTIA 
POUNDS ur 

SLUG FT 2 


RADIUS CF 
GYRATION 

X C.G. . 

.5 

Iox 

5,087,711 

10981 

Kx 

34.0 

Y C.G. 

0 

Ioy 

8,280,480 

1787.2 

Ky 

43.4 

Z C.G. 

0 

Ioz 

8,276,877 

1786.5 

Kz 

43.4 


7 


























MASS B0PERTIES DATA 

ARRAY GROUP A - WIDE COVERAGE X-RAY 



WEIGHT 962 

x c.c. 

Y C.G. - .4 

Z C.G. 5.9 


(MS) I (IN) (IN) (IN) (LB IN 2 )] (LB IN') 


-20 41.5 


-20 1-41.5 31 


0 41.5 -22 


-10 0 -34 


20 

-10 

-20 

-36 

180 

180 

18 

-23 

20 

8 

200 

100 

18 

-23 

-20 

8 

200 

100 

5 

-5 

0 

M 

2,500 

100 



poons in 

Io * -J^.7.8,4 66 

Ioy 1,282,821 

Xoz 1.917.039 


INERTIA 


SLUG FT 

578.1 

276.8 

413.7 _ 


RADIUS OF 
GYRATION 


Kx 52.7 
Ky 36.5 
Kz 44.6 


8 




















































MASS HDPERTIES DATA 

ARRAY GROUP B - NARROW BAND SPECTROMETER / POLAR IMETER 


iff. | X I Y 


DETECTOR 2 


DETECTOR 3 


DETECTOR 4 


DETECTOR 5 


DETECTOR 6 


DETECTOR 7 


DETECTOR 8 


DETECTOR 9 


CENTRAL DATA PROCESSOR 


CONTROL & DATA PACKAGE 


ASPECT SENSOR 


THERMAL CONTROL 


CABLING 


MISC ATTACHMENTS ETC 


WEIGHT 1210.5 
X C.G. - 5.1 

Y C.G. - .5 

Z C.G. 0 


1 

Iox - 

Ioy o 

(LB IN' ) 

(LB IN^) 






INERTIA 


POOTBS IN 

Iox 1.989.685 
Ioy 1.105.552 
Io* 1.107.217 


SLUG FT 2 
429.4 
238.6 
238.9 


RADIUS OF 
GYRATION 

Kx 40-5 

Ky 30.2 

Kz 30.2 


9 





















































































ARRAY GROUP C 

HEM 


SUPPORT FRAME 


MASS PROPERTIES DATA 

GAMA RAY SPECTROMETER & LOW BACKGROUND GAMA RAY DETECTOR 

WT. X Y Z 8 lax - Ioy „ T< 
(LBS) *IN) (IN) (IN) I (LB IN ) (LB IN") (LB 


536,000 465,000 



DETECTOR SUPP. 
ELECTRONICS 


NARROW BAND SPECTROMETER 


SPECTROMETER 


CRYOGENIC REFRIGERATOR 


PROTECTIVE CYLINDER 


PROTECTIVE LID & MECH 


SPECT /REFRIG ATTACH. 


DEPLOYMENT MECHANISM 


SUPPORT BASE 


ELECTRONICS 


WEIGHT 4121 



0 

44 

0 

44 

0 

44 

0 

44 

0 

44 

' 

0 

44 

0 

44 

0 

30 



CONTROL & DATA PACKAGE 

20 

5 

30 

0 

ASPECT SENSOR 

25 1 

-10 

-52 

0 

THERMAL CONTROL 

50 

-16 

0 

0 

CABLING 

1 

30 1 

- - • 

3 

0 

0 

| MISC ATTACHMENTS ETC. 

20 j 

m 

0 

0 


9 


17,75 


30 


- INERTIA _ 

POUNDS 1 m SLUG Fx 


3,24 


460 


75,000 


i 

9,80oj 


i 

250| 




228 


9,800 


250 i 


27,8 


228 


530 



RADIUS OF 
GYRATION 


X C.G. 

-14.8 

Iox 

5,552,183 

1198.3 

Kx 

36.7 

Y C.G. 

- .1 

Ioy 

5,127,681 

1106.7 

Ky 

35.2 

Z C.G. 

5.8 

Ioz 

2,111,981 

455.8 

Kz 

22.6 






































































































MASS PROPERTIES DATA 

ARRAY GROUP D - LARGE MODULATION COLLIMATOR 


ITEM 

WT. 

(US) 

X 

(IN) 

Y 

(IN) 

Z 

(IN) 

Iox 2 
(LB IN ) 

Iov ? 
(LB IN") 

— r 

I osr . !" 

t z:-r ■ ? 

; j .'SORT FRAME 

420 

0 

0 

0 

990,000 

536,000 

465,000 | 

i ARRAYS 

660 

■13.5 

0 

0 

765,000 

519,000 

293,000 \ 
■■■■■ 

> CENTRAL PROCESSOR 

55 

9 

0 

0 

6,250 

1,320 

1,320 j 

; CAS SUPPLY 

11 

7 

-45 

0 

150 

150 

150 | 

Ej CONTROL & DATA PACKAGE 

20 

5 

30 

0 

500 

180 

180 | 

l ASPECT SENSOR 

25 

-10 

-52 

0 

125 

8,000 

8,000 | 

« THERMAL CONTROL 

50 

-16 

0 

0 

41,000 

25,000 

25,000 | 

j CABLING 

20 

3 

0 

0 

16,500 

8,100 

8,100 j 

l MISC. ATTACHMENT ETC. 

20 

0 

0 

0 

16,500 

8,100 

8,100 { 

L. 




■ 



5. 

% 




II 



\ 

» 





■ 

BISKS 


‘f 

* 







r 

l 

i 

l 




II 1 


\ 





mSM 

mm 



\ 

f 




■ 



f 

j 




■ 



i 





■ 


I 

1 

| 







4 

i 





■ 



f 





■ 



i 





■ 



1 

. ...j 


BRIGHT 1281 
X C.G. -7.2 

Y C.G. - -9 

Z C.G. Q 


, INERTIA 

POUNDS m 

Iox 1,942,785 
Ioy 1,180,633 
los 990,393 


SLUG FT 2 
419.3 
254.8 
213.7 


RADIUS CT 
GYRATICW 

Kx 38.9 

Ky 30.3 

Kz 27.8 


11 

































MASS PROPERTIES DATA 

MiiM GROUP E - LARGE AREA X-RAY DETECTOR + COLLIMATED PLANE CRYSTAL SPECTROMETER 


ITEM 


FRAME 


X-RAY DETECTORS 


4 DETECTORS 


1 DETECTOR 


1 DETECTOR 


CENTRAL PROCESSOR 


CRYSTAL SPECTROMETER 


3 SPECTROMETERS 


ELECTRONICS 


CONTROL & DATA PACKAGE 


ASPECT SENSOR 


THERMAL CONTROL 


CABLING 


MI SC. ATTACHMENT ETC. 


WEIGHT 1723 
X C.G. -13.5 

Y C.G. - 5.7 

Z C.G. - .2 


IT. 

(US) 

X 

(IN) 

Y 

(IN) 

z 

(IN) 

Iox 2 
(LB IN ) 

loy 2 
(LB IN ) 

Ioz 

(LB IN' ) 

420 

0 

0 

1 o 

990,000 

536,000 

465,000 



352 

-12 

24 

IB 

329,000 

274,000 

78,500 

88 

-12 

-24 

48 1 

21,200 

7,250 

19,600 

88 

-12 

-24 

IB 

21,200 

7,250 

19,600 

55 

9 

0 

0 1 

6,250 

1,320 

1,320 




560 

-30 

-24 

15 

6 

0 

IB 

B 

■ 


355,000 

373,000 

242,000 

250 

160 

160 



500 

180 

125 

8,000 

41,000 

25,000 

24,500 

12,100 

16,500 

8,100 


180 


8,000 


25,000 





poutos in 

Iox 2.879,632 
Ioy 1,954,250 
Ioz 1,817,784 


INERTIA 


SLUG FT 
621.5 
421.8 
392.3 


RADIUS OF 
GYRATION 

Kx 40.8 

Ky 33.6 

Kz 32.4 





































































